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line S from bottom, for “Schuckert” read Schuchert 
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proof. | 

line 1 from top, for “figure 8” read figure 2 


. footnote 17, for “V. A. Reid” read J. A. Reid 
3. line 12 from top, for “isostasy” read the isostatic tendency 


line 1 from bottom, for “480 feet” read—480 feet 


. line 3 from bottom, for “Idem” read Charles Schuchert: Histor- 


ical Geology 
line 12 from bottom, for “delta” read large river 
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line 17 from top, for “belong” read belongs 
line 6 from bottom, for “diquerential” read differential 
line 7 from top, for “erision” read erosion 
line 8 from top, for “Peninsular” read Peninsula 
line 17 from top, for “valley” read valleys 
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SESSION OF TutrspDAy MorNING, DECEMBER 29 


The Fortieth Annual Meeting of the Geological Society of America 
was called to order in the Auditorium of Physics Building, Case School 
of Applied Science, Cleveland, Ohio, at 9.05 a. m., by President Keith. 
Brief introductory remarks were made by the chairman, calling atten- 
tion to the arrangements made for the sessions of the group of societies 
meeting together at this time under the joint invitations of Western 


Reserve University and Case School of Applied Science. 





COUNCIL’S REPORT 


REPORT OF THE COUNCIL 
¢ The report of the Council was presented by the Secretary as follows: 


Zo the Geological Society of America, in fortieth annual meeting as- 
sembled: 

The regular annual meeting of the Council was held at Madison, Wis- 
consin, in connection with the meeting of the Society December 27-29, 
1926. Special meetings were also held in New York City on March 12, 
1927, and October 22, 1927. 

The details of administration for the thirty-ninth year of the existence 
of the Society are given in the following reports of the officers: 


PRESIDENTS REPORT 


The report of the President for the year ending November 30, 1927, 
is as follows: 

The President has been able to attend all the meetings of the Society 
and of the Council and has endeavored to do his part in shaping the 
progress of the Society. As all presidents recognize, most of the routine 
work of the Society falls upon the shoulders of the Secretary, Treasurer 
and Editor, but the Committee on Membership has its special labor and 
responsibility of a high order. To all of these members the Society is 
indebted for its smooth and orderly operation. 

The membership of the Society has increased this year, as always. 
The ranks of geologists in the country as a whole have grown very 
rapidly in recent years, under the special stimulus of the search for fuels, 
and this rate of increase is much greater than that of the Society. It 
requires some time, however, for newcomers in geology to demonstrate 
the degree of output and skill that the Society desires to maintain for 
its membership, so that in the natural course of things there is a lag in 
the response of our membership to the general increase. This share may 
confidently be expected to increase in coming years—and soon. Many 
a geologist in active work is not a Fellow of the Society who would con- 
tribute to its progress, if elected ; in some cases this is because his friends 
do not realize that the initial steps must be taken by them. Thus far 
the rate of increase has been such that careful consideration can be given 
by the Council to the qualifications of each member, 

The Cordilleran Section of the Society has been one of its important 


parts, and its growth to maturity has received formal recognition in the 
proposed amendments to the Constitution. Opportunity is also offered 
for the formation of other sections. The amendments provide for an 
independent status sufficient for practical purposes, while still remaining 
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under the wgis of the Society, and for representation in the Council on 
a par with the affiliated societies. 

The meetings of the Society and of Section E of the American Asso- 
ciation for the Advancement of Science have usually come at the same 
time, even when in the same cities. The interest of geologists has thus 
been divided, and loss has resulted for both groups. This year an im- 
provement in the situation has been made by holding the meetings en 
échelon, so to speak. Thus a geologist could attend the greater part of 
each meeting, even though they were held in different cities. Our Coun- 
cil has taken the additional step of printing suitable abstracts of the 
papers delivered before Section E. 

The Penrose medal has been awarded this year for the first time, 
arrangements between the donor, Dr. R. A. F. Penrose, Jr., and the 
Society having been completed this year. The medal is given for emi- 
nence in attainment and for outstanding contribution te research in 
geology. The selection of Thomas Chrowder Chamberlin as its first 
recipient will, the Council feels sure, meet with the decided approval of 
our Fellows and of geologists outside of our ranks. 

Various Fellows have given their time and thought to the business of 
the Society through its committees. The scope and personnel of the 
committees are indicated in the following list, in addition to appoint- 


ments made for special occasions: 
1927 Committees and Special Appointments 


Membership Committee: U. S. Grant (Chairman), Henry B. Kummel, 
Nelson H. Darton. , 

Committee on Foreign Correspondents: William B. Scott (Chairman), 
Arthur P. Coleman, Whitman Cross, Waldemar Lindgren. 

Committee on Exchanges: Charles) Schuchert (Chairman), E. W. 
Berry, Henry 8. Washington. 

Finance Committee: Fred E. Wright, R. A. F. Penrose, Jr., Joseph 
Stanley-Brown. 

Committee on Publication: Charles P. Berkev, Edward B. Mathews, 
Joseph Stanley-Brown, Nelson H. Darton, Florence Bascom. 

Committee of Past-Presidents on Presentation of Papers and General 
Advisory Matters: Frank D. Adams (Chairman), William B. Scott, 
Charles Schuchert. 

Penrose Medal Committee: Charles P. Berkey (Chairman), Frank D. 
Adams, Douglas W. Johnson, Charles K. Leith, David White, Whitman 
Cross, John C. Merriam. 
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Local Committee for the Cleveland Meeting: J. E. Hyde, (Chairman), 
Frank R. Van Horn, S. Prentiss Baldwin, R. C. Allen. 

Program Committee: S. Prentiss Baldwin (Chairman), Charles P. 
Berkey, Frank R. Van Horn, R. 8. Bassler, Edward Sampson, J. E. 
Hyde, R. C. Allen. 

During the year several important appointments have been made of 
representatives and delegates to scientific meetings and to represent the 
Society at public functions and celebrations, as follows: 

Celebration of the 200th Anniversary of the Founding of the American Philo- 
sophical Society : Delegates, Arthur Keith, Florence Bascom. 

First International Congress of Soil Science: Delegate, Arthur Keith. 

Centenary of Marcelin Berthelot: Delegate, R. A. F. Penrose, Jr. 

Inauguration of William Mather Lewis as President of Lafayette College: 
Delegates, George P. Merrill, Waldemar T. Schaller, Freeman Ward. 

Inauguration of Herbert John Burgstahler as President of Cornell College: 
Delegates, George F. Kay, William H. Norton. 

Thirtieth Annual Convention of The American Mining Congress: Representa- 
tives, Marius R. Campbell, Arthur Keith, Gerald F. Loughlin. 

The Joseph A. Holmes Safety Association: Representative, John J. Rutledge. 

The Society of Economic Geologists: Delegate, George H. Ashley. 


SECRETARY'S REPORT 


To the Council of the Geological Society of America: 

The Secretary's annual report for the year ending November 30, 1927, 
is as follows: 

Meetings.—The proceedings of the annual meeting of the Society, 
held at Madison, Wisconsin, December 27-29, 1926, have been recorded 
in volume 38, pages 1-192 of the Bulletin. Those of the Cordilleran 
Section, pages 193-208 of the Bulletin; of Section E of the American 
Association for the Advancement of Science, pages 209-218; of the 
Paleontological Society, pages 219-244; of the Mineralogical Society, 
pages 245-252 of the same volume. 

Membership—During the last year the Society has lost by death one 
Correspondent—W. Kilian—and ten Fellows—Edwin T. Dumble, Wil- 
liam Libbey, Charles J. Norwood, Earle Sloan, Eugene A. Smith, Frank 
Springer, Mayville W. Twitchell, Charles D. Walcott, Stuart Weller, and 
Israel C. White. The names of the three candidates for Correspondent- 
ship and the twenty-one candidates for Fellowship, elected at the Madi- 
son meeting, have been added to the printed list. There have been no 
names dropped from the list for non-payment of dues and no resigna- 
tions. The present enrollment of the Society is 528. Thirty-one candi- 
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dates for Fellowship are before the Society for clection, and a number 
of applications are under consideration by the Council. 


Distribution of the Bulletin—During the past year there have been 
sent out to domestic subscribers 190 copies and to foreign subscribers 78 
copies of the Bulletin, 32 going to new subscribers. This shows an in- 
crease in subscriptions over last year of 15 copies. Eight volumes have 
been distributed gratis, as follows: The Library of Congress; the Govern- 
ment Geological Surveys of the United States, Canada, and Mexico; 
the Bureau of Science, Manila, Philippine Islands; the Smithsonian In- 
stitution, Washington, D. C., the Case Library, Cleveland, Ohio; the 
Columbia University Library, New York City. The present exchange 
list comprises 53 addresses. 

The receipts of this office, including subscriptions to and sales of the 
Bulletin and separate brochures therefrom, are summarized as follows: 


Detailed Financial Statement of the Secretary's Office 


RECEIPTS 


Regular subscriptions ............. re ee Ktvmidhewurows $2,444.50 
MN 6 daddies ckcead ese nihdeee nes ines iedewheneEns 720.01 
Geological Magazine ..... re ee ee ee ere ere ee 29.00 
ost and express refunds ....... cimisamdaves evenmius err errr Ter 64.15 
Author’s separates and corrections...............6.. ahah atte cen act 426.64 
Ee ERNE BO COD o.oo hins oka Seid e sees seccnerecewsseennee 1.30 
Cireulars furnished to Paleontological Society...... iichnkcawenee 5.62 
Miscellaneous ....... pain Raa tae aia aa ee rrp ee ere ee — 5.20 

Total receipts from all SOURCES 2... cccccccccccccces ovecsee Gee 

Amount forwarded to Treasurer ............ Rcnpesneenten $3,696 . 42 


DISBURSEMENTS 


On account of administration: 


Printing expenses, Madinom meeting... ...cccscccccsccccccecccceses $453.41 
Paes See THEE vccccccsstss Ore e Tere Re ere iowa - 125.90 
Clerical help for 1927.......... Ee PO Ee Cree eee en 200.00 
ET ye er ere Te err Te tS rere Ter eT eee Tee 151.19 
FS a i. oh dk cn diniddeescvncebe Cecennedsenl dseeedeeeaees sacar tees 3.17 
RET GENIE. 56.5 666066 heh 6666 HRSA eNO RETER SRE CSO O Es 2.08 
PRUUGUTIRMOOES = GUNTESS 66 6.66 ici h6oedivcdiesivcecciesvesssccdecess 1.90 
CNN ks Hiab eased eee wearer nies ith esa Subdease .80 
Se NE TOE oi. dieacdaxdundees Candas des enahedwrewuenas eee 45.00 
Binding 3 volumes of the Bulletin. ......ccscccscccsccsecce wigiteikan 3.75 


RE di stdaeeacinn beets Cvbd shee ews thwednekeen oe $907.20 
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On account of Bulletin: 
6,000 clasp envelopes for Bulletin mailing 
Office expenses : 

Post and express charges . 

Carffire 

Notary fee 


4 


Totai .65 


The routine work of the Secretary’s office has grown to such propor- 
tions in recent years that it is now a serious burden to anyone who must 
treat it as a side interest. Except for the very efficient assistance of 
Mrs. Miriam F. Howells, who carries the responsibility of much of the 
routine, it could not be done. The time is shortly coming when the 


Society should provide for a paid officer to care for the secretarial service, 


together with certain other exacting routine duties, such as censoring 
and editorial advising directed toward greater uniformity in the presenta- 
tion of material in the Bulletin. 
Respectfully submitted, Cuartes P. Berkey, 
Secretary. 
TREASURER'S REPORT 
To the Council of the Geological Society of America: 

The Treasurer herewith submits his report for the year ending No- 
vember 30, 1927. 

The membership of the Society on December 1, 1926, consisted of 406 
Annual Members, 90 Life Members, and 19 Correspondents. Twenty- 
one new members qualified during the year, 3 of them commuting for 
life. Three Correspondents were also elected. One Correspondent, 3 
Life Members, and 7 Annual Members have died since the last report. 

As the books close the membership of the Society consists of 417 An- 
nual Members, 90 Life Members, and 21 Correspondents, making a total 
of 528. | 

The fees receivable at the beginning and close of the vear are as 
follows: 

Receivable Collected to Due Dec. 1, 

Jan. 1, 1927 Nov. 30, 1927 1927 
Fees of delinquents: °24, °25, '26 ...... $210.00 $140.00 $70.00 
Fees of 1927 (427 4,270.00 4,020.00 250.00 


Initiation fees (21) 210.00 210.00 





4,690 .00 310.00 
Adjustments 40.00* 250.007 





4,650.00 4.620.00 








a 
i 
i 
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Less 3 Life commutations.............. $30.00 
4,620.00 
*Written off for non-contributing members 20.00 
Written off for deaths ............ pas 20.00 
$40.00* 
Received price te WSs 2... ccccccccccces 20.00 
Presemt GeumGquemeses  ocvécccccccsccces 230.00 
——. 250. 0OF 


Cause om hamd December 2, BB. ccscccccesscwcnss 1,754.45 
Annual dues: 
PE BED 0024 seen teneeseeauees eee $10.00 
Bee: Ge cecccidadecewiscetdonedans 30.00 
Pe SED 60 8N.0%0es seve enuecsdasnne 100.00 
We SERED wehacwrdcasassedsveeneans 4,020.00 
POO GER westevecetenctvacscsvecsess 10.00 
———-._ 4,170.00 
NE CORP nov ddacsswonsedce tvesbiteneeeesas 210.00 
EATS COMMMGRACIONS (SF) cccccccccccdcccessesacscesr 450.00 
Case Library accessions ..........e.- eT eT TT TC 150.00 


Interest : 





CO PRVCCEMICMED ccs cc ccestcscesevess $1,970.00 
PE ME 6 ods wes ook eeeamees 500. 00* 
re rer Tee 151.54 
—— 2,421.54 
Received from Secretary : 
YR et ubee naw eee eee $5,164.51 
Geological Magazine .............- 29.00 
RERDOET SEGATMIOE cc. ccd cecsecves 416.14 
Exchange added to checks .......... 1.50 
Postage and express refunds ........ 64.15 
Paleontological Society ............. 5.62 
BPC ee 15.70 
——— 3.696 . 42 
For Penrose Medal: 
POO WEE GE GS 66 sdncescdsdnceseecaseiseseses $4,900.00 
*Overdue coupons (included in statement above).. 100.00 
DISBURSEMENTS 
Secretary's office: 
Administration .......... stiesecons $1,073.15 
PEGE: 6tadesedcsddcsdessawue ree 115.70 
Geological Magazine ......... sorwes 29.44 
MBS. 66.6.5. 45:6 60 ck CRH ESAS GEES 1,000.00 


—————_ $2,218.29 


852.39 


5,000.00 
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Treasurer's office: 
Expenses 


Publication of Bulletin: 
Printing ere § 
Engraving ... 672. 
Paper 
Editor’s allowance 
5.293 .09 
Mineralogical Society of America 08.00 
Cordilleran Section 
Purchase of rare volumes 
08 
-O1 


2.39 


The book value of the securities held by the Treasurer at the present 
time is $40,097.25. 
Respectfully submitted, Epwarp B. Matruews, 
Treasurer. 


EpiTor’s REPORT 


To the Council of the Geological Society of America: 
The following tables cover statistical data for the thirty-eight volumes 
thus far issued : 


ANALYSIS OF COSTS OF PUBLICATION 








Average, | 
Vols. 1-35 | Vol. 36 Vol. 37 Vol. 38 


— Pp. 860, 
Pp.732, pls. 29) Pp.707, pls. 10) Pp. 692, pls. 20 pls. 24 
Letter press Joy . $1,895.32 | $2,737.89 | $2,852.4: $3,495.67 

‘ 848.08 


Illustrations. a noes 436 . 82 528.90 | 414.56 : 
Paper a0 - .10 411.96 | 502.76 | 670.74 











' 
.24 | $3,678.75 | $3,769. | $5,014.49 


$5.06 | $5.45 | $5.67 
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Respectfully submitted, 
JosEPH STANLEY-Brown, Editor. 


The foregoing report is respectfully submitted. 
THE CoUNCIL. 
December 28, 1927. 
ELECTION OF AUDITING COMMITTEE 
The printed report of the Council! was distributed to all members in 
tendance, and action was delayed on acceptance of the report until such 


time as an auditing committee could examine the accounts of the Treas- 


urer and make report. An auditing committee was then named, consist- 


g of C. E. Siebenthal (chairman), Joseph T. Singewald, Jr., and 


Charles K. Swartz. 








ELECTIONS 


ELECTION OF OFFICERS, REPRESENTATIVES, AND FELLOWS 


The Secretary then read the results of the ballot for officers of the 
Society for the year 1928, and representatives on the National Research 


Council, and of the ballot for. Fellows. The following were declared 
elected: 
President: 


BaiLtey Wituis, Stanford University, California 
First Vice-President: 

Atrrep C, Lane, Tufts College, Massachusetts 
Second Vice-President: 

Witiram H. Co.iins, Ottawa, Canada 
Vice-President to represent the Paleontological Society: 
Avueust F. Forrste, Dayton, Ohio 
Vice-President to represent the Mineralogical Society: 
Esper S. Larsen, Cambridge, Massachusetts 
Secretary: 

Cuares P. Berkey, New York City 
Treasurer: 

Epwarp B. Matuews, Baltimore, Maryland 
Editor: 

JosEePH STANLEY-Brown, New York City 
Councilors (1928-1930): 

GeEorGE R. MAnsFIetp, Washington, D. C. 

Wittiam E. Wraruer, Dallas, Texas 


Representatives on the National Research Council (July 1, 1928, to 
June 30, 1931): 


Water P. Bucuer, Cincinnati, Ohio 
CHARLES PALACHE, Cambridge, Massachusetts 
FELLOWS 


Henry Ray Atpricu, 8S. B., M. S., Assistant State Geologist, Wisconsin 
Geological and Natural History Survey, Madison, Wisconsin. 
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Wi_mor Hype Braptey, Ph. B., Ph. D., Associate Geologist, United States 
Geological Survey, Washington, D. C. 

GLENN C, CLark, A. B., Chief Geologist, Marland Oil Company of Oklahoma, 
Ponca City, Oklahoma. 

Harry NELSON Eaton, A. B., A. M., Ph. D., Associate Professor of Geology, 
Syracuse University, Syracuse, New York. 

JAMES GILLULY, B. 8., Ph. D., Associate Geologist, United States Geological 
Survey, Washington, D. C. 

Epwin THOMAS Hopeée, B. A., M. A., Ph. D., Professor of Economic Geology, 
University of Oregon, Eugene, ‘Oregon. 

CHARLES WILLIAM Hongss, A. B., A. M., Ph. D., Geologist, Gypsy Oil Company, 
Tulsa, Oklahoma. 

J. CLaubE Jones, A. B., Ph. D., Professor of Geology, University of Nevada, 
Reno, Nevada. 

Paut F. Kerr, B. S., Ph. D., Assistant Professor of Mineralogy, Columbia 
University, New York, New York. 

Virgin RAYMONDE DREXEL KIRKHAM, B. S., M. S., Geologist, Idaho Bureau of 
Mines and Geology; Assistant Professor of Geology, School of Mines, 
University of Idaho, Moscow, Idaho. 

Avucustus Locke, B. A., S. B., E. M., Se. D., Mining Geologist, San Francisco, 
California. 

THOMAS SEWARD LOVERING, E. M., M. S., Ph. D., Assistant Geologist, United 
States Geological Survey, Washington, D. C. 

GEORGE D. Morcan, A. B., M. A., Ph. D., Directing Geologist, Dixie Oil Com- 
pany, San Antonio, Texas. 

FREDERICK K. Morris, B. S., A. M., Assistant Professor of Geology, Massachu- 
setts Institute of Technology, Cambridge, Massachusetts; Research As- 
sociate in Geology and Geography, American Museum of Natural History, 
New York, New York. 

Apotr Cart No&, A. B., Ph. D., Hon. Ph. D., Associate Professor of Paleo- 
botany, University of Chicago, Chicago, Illinois. 

Haro_p ScujOTH Pater, B. A., Ph. D., Professor of Geology, University of , 
Hawaii, Honolulu, Hawaii. 

Ratpu Dante REED, B. S., Ph. D., Geologist, Marland Oil Company of Califor- 
nia, Palo Alto, California. 

WILLIAM WALDEN Rusey, A. B., Associate Geologist, United States Geological 
Survey, Washington, D. C. 

Hvupert Grecory ScHenck, A. B., M. A., Ph. D., Instructor in Geology, Stan- 
ford University, California. 

Hyrum Scunerper, A. B., M. A., Ph. D., Associate Professor of Geology and 
Mineralogy, University of Utah, Salt Lake City, Utah. 

WaLrer Henry ScuorweE, A. B., M. S., Ph. D., Associate Professor of Geology, 
University of Kansas, Lawrence, Kansas. 

FRANCIS PARKER SHEPARD, A. B., Ph. D., Assistant Professor of Geology, Uni- 
versity of Illinois, Urbana, Illinois. 

LUTHER CrocKER Sniwer, A. B., A. M., Ph. D., Consulting Geologist, Henry L. 
Doherty and Company, New York, New York. 

Haro_p THORNTON STEARNS, B. S., Ph. D., Assistant Geologist, United States 
Geological Survey, Washington, D. C. 








NECROLOGY 


CHESTER Stock, B. S., Ph. D., Professor of Paleontology, California Institute 
of Technology, Pasadena, California. 

JOEL Howarp Swartz, A. B., Ph. D., Associate Professor of Geology, Univer- 
sity of North Carolina, Chapel Hill, North Carolina. 

THOMAS LESLIE TANTON, B. A., M. A., Ph. D., Geologist, Geological Survey of 
Canada, Ottawa, Canada. 

INNOKENTY PavLovicnh ToLMAcHorr, Curator of Invertebrate Paleontology, 
Carnegie Museum, Pittsburgh, Pennsylvania; Professor of Paleontology, 
University of Pittsburgh, Pittsburgh, Pennsylvania. 

PARKER Davies Trask, B. A., M. A., Ph. D., Research Associate, American 
Petroleum Institute, Scripps Institution of Oceanography, La Jolla, Cali- 
fornia. 

OscAR DIEDRICH VON ENGELN, A. B., Ph. D., Professor of Physical Geography, 
Cornell University, Ithaca, New York. 

ALFRED OSWALD Wooprorp, B. A., Ph. D., Associate Professor of Geology, 
Pomona College, Claremont, California. 


NECROLOGY 


The Secretary announced the deaths of ten Fellows of the Society, 

and brief oral tributes were called for as follows: 
Edwin T. Dumble, by F. W. Simonds. 
William Libbey, by Nelson H. Darton. 
Charles J. Norwood, by August F. Foerste. 
Earle Sloan, by Thomas Wayland Vaughan. 
Eugene A. Smith, by Charles Butts. 
Frank Springer, by Charles Schuchert. 
Mayville W. Twitchell, by Henry B. Kummel. 
Charles D. Walcott, by Nelson H. Darton. 
Stuart Weller, by Raymond C. Moore. 
Israel C. White, by David White. 


The deaths of two Correspondents were also noted : 
W.. Kilian. Emanuel Kayser. 


MEMORIALS 


The following memorials are printed in the Proceedings of volume 39: 


Memorial of Edwin Theodore Dumble, by Frederic William Simonds. 

Memorial of William Kennedy, by W. E. Wrather. 

Memorial of William Libbey, by N. H. Darton. 

Memorial of Charles Joseph Norwood, by August F. Foerste. 

Memorial of Mayville W. Twitchell. by Henry B. Kiimmel. 

Memorial of Eugene Allen Smith, by Charles Butts. 

Memorial of Frank Springer, by Charles Schuchert. 

Memorial of Charles Doolittle Walcott, by Nelson H. Darton. 

Memorial of Stuart Weller, by Thomas C. Chamberlin and Raymond 
C. Moore. 

Memorial of Israel C. White, by Herman L. Fairchild. 


II—Bctu. Gron. Soc. AM., Von. 39, 1927 
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MEMORIAL OF EDWIN THEODORE DUMBLE ! 
BY FREDERIC WILLIAM SIMONDS 


The announcement of the death of Doctor Edwin Theodore Dumble 
at Nice, France, on January 26, 1927, was received by his many friends 
in the United States with profound sorrow. For more than a quarter 
century he had been recognized as a leading authority on the geology 
of the Southwest—Texas and northern Mexico—and, particularly in the 
field of oil geology, he had won great distinction. Since his retirement 
from active work, in 1925, he had busied himself preparing for publica- 
tion a great mass of notes recording observations during many years. 
He had given much to the world of science, and it is deeply regretted 
that his career closed before he had completed his task. 

Doctor Dumble was born on March 28, 1852, at Madisonville, Indiana, 
to which place his parents had recently come from Canada. Here they 
remained for a short time only, when, attracted by the opportunities 
offered by the great and recently created State of Texas, they journeyed 
to the Southwest and settled in the city of Houston. Here young 
Dumble grew to manhood and Texas became his home practically for 
the remainder of his life. 

His early education, such as the country could at that time offer, was 
obtained at Groce’s Plantation and the old Houston Academy. That 
he was early imbued with the instinct of a naturalist is evidenced in his 
fondness of minerals and insects, especially butterflies, of which he made 
large collections. 

At the early age of fourteen we find him matriculated as a student in 
Washington and Lee University, at Lexington, Virginia. This was in 
1866, the period immediately following the great Civil War. Here he 
came in contact with young and ambitious men of the South struggling 
for an education, vet handicapped by the poverty and desolation of a 
war-swept land. ‘ 

Two years later, 1868, he was forced to withdraw from college on 
account of the destruction of his father’s cotton mills by fire and to 
return to his Houston home. 

Ambitious to complete his college course, he secured employment as a 
bookkeeper for a lumber firm, and with the savings of two years of 
labor he again entered the university. However, another misfortune 


1 Manuscript received by the Secretary of the Society December 27, 1927. 

In the preparation of this memorial the writer has received valuable information 
and assistance from Dr. S. A. Mitchell, of the University of Virginia; Mr. Joseph A. 
Taff, of San Francisco, and Mr. Charles Laurence Baker and Mrs. P. L. Applin, of 
Houston. 
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followed. A few months before the date of graduation the lumber com- 
pany in whose care he had entrusted his money failed and he was again 
compelled to leave the university. While his disappointment must have 
been great, it was, in a way, alleviated by the fact that he had received 
diplomas in the Schools (departments) of Mathematics, Astronomy, and 
Chemistry. And here it may be stated that many years later, Wash- 
ington and Lee wishing to honor Mr. Dumble with an honorary degree, 
he asked that in its stead the Bachelor of Science degree be conferred. 
This was done. 

Again returning to Texas, he secured employment with the Houston 
and Texas Central Railroad as car accountant. We are informed “that 
during this time he worked out a system of car records that was im- 
mediately adopted by the several terminal offices of the company.” 

Seeking relief from eye strain, Mr. Dumblie left the railroad and for 
some months conducted a small drug store and assay office in Llano, 
Texas. This portion of the State, now widely known as the “Central 
Mineral Region,” is noted for its wide range of mineral species and 
knotty geological problems. Influenced by such surroundings, we can 
easily believe that his early love for minerals and rocks was renewed, 
and with it came an impelling desire to unravel the geology of Texas. 

His last commercial experience, if, indeed, it can be separated from 
his professional experience, was with his father, who conducted a whole- 
sale and retail china and glassware business in Houston. Returning 
from Llano, Mr. Dumble became manager and buyer for his father’s 
establishment, in which capacity he served for nearly a decade, and at 
the same time, as a consulting accountant, he was employed by many 
business firms. One would think that, immersed as he was in com- 
mercial pursuits, little time could be given to scientific research and 
study; yet we are told that he established a home laboratory, in which 
he undertook many experiments pertaining to Texas lignites and their 
use for fuel—prophetic of his work in years to follow. Furthermore, as 
an expert, he was employed by the City of Houston to examine into and 
report on so important a matter as an adequate and unpolluted water 
supply. Mr. Dumble was already impressed with the possibilities of 
artesian water in the State, and it is in nowise surprising that he should 
have recommended that source as a municipal water supply. 

About 1888 there was printed in Houston a small journal bearing 
the title of “Geological and Scientific Bulletin.” This publication was 
issued under the auspices of the Houston Academy of Science, a local 
society founded by Mr. Dumble. In volume I, number 3, his first paper 
appeared, “The Nacogdoches oil field” (July, 1888). 
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In the meantime, by an act of the special session of the Twentieth 
Legislature, a geological and mineralogical survey of Texas was author- 
ized. This survey was assigned to the Department of Insurance, Statis- 
ties, and History, the Commissioner of which, the Honorable L. L. Foster, 
was empowered with full authority to execute the law. With reference 
to the appointment of a State Geologist, Mr. Foster wrote: 


“There were many applicants for the place, both within and without the 
State, the majority of whom were, no doubt, competent geologists. After 
a patient investigation of the qualifications and claims of each, the appoint- 
ment was tendered Mr. E. T. Dumble, of Houston, who accepted the position 
and entered upon his duties September 21. . . . I do not feel that I am 
stating a fact too strongly when I say that Mr. Dumble already possesses a 
more thorough and scientific knowledge of the geology of Texas than could 
be acquired by any new man by close application and hard study for several 
years. All true Texans must feel a commendable state pride in the fact that 
we have such a man among us, and will rejoice when we have an opportunity 
to do him honor.” 


Referring to his appointment as State Geologist, Doctor Dumble, at 
the testimonial dinner tendered him in Houston on his seventy-second 
birthday, had this to say: 

“After the bill was passed I had a letter from him [Commissioner Foster] 
asking me to submit a plan for the survey, to be considered with others tie 
had asked for, and in September he wired me to come to Austin to see him. 

“I had: not asked for the position of State Geologist because I thought it 
would be given to some one with more experience; consequently I was thun- 
derstruck when, after he had considered and discussed the various plans 
submitted, he told me that he and the Governor had already gone over the 
plans and had selected mine as most practical, and that he had sent for me 
to offer me the position of State Geologist, under the condition that I would 
carry on the work according to my plan.” * 


This appointment opened the wav to his long and successful, career 
PI | : g 


as a geologist. 

For several years the Geological Survey carried on actively, but in 
1896 the appropriation was withdrawn and the work came to an end. 
That this Survey bore good fruit is seen in the fact that its reports are 
still much sought. In his organization of the Survey, Doctor Dumble 
associated himself with a number of young and growing men, such as 
R. A. F. Penrose, Jr., Robert T. Hill, Theodore B. Comstock, Ralph 8. 
Tarr, William Kennedy, Joseph A. Taff, N. F. Drake, Gilbert D. Harris, 
and F. W. Cragin—all of whom became well known as _ professional 
geologists. And it is a pleasure to record here that this was characteristic 


2 First Report of Progress, Texas Geological and Mineralogical Survey, 1888, p. 3. 
‘From “A dream of fifty years ago.” Privately printed. 
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of Doctor Dumble, who during the years following was instrumental 
in the selection, training, and advancement of many young and promis- 
ing geologists. Moreover, as State Geologist, he was able to interest such 
men as Alpheus Hyatt and E. D. Cope, both of whom made valuable and 
important contributions to the paleontology of Texas. 

The report on the “Brown Coal and Lignite of Texas” * was Doctor 
Dumble’s outstanding contribution to the publications of the Survey. To 
the material that he had been gathering for years—as we have already 
noted, he had long been interested in lignite problems—he added much 
information obtained during a trip to Germany, where he made a careful 
study of the methods of mining and the utilization of lignite as a fuel. 
He did this with the hope of securing for Texas a cheap fuel for manu- 
facturing purposes, 

The Geological Survey had come to an end, but Doctor Dumble still 
held in mind the developmment of the State’s mineral resources. How 
could that be attained? After much deliberation it occurred to him that 
cooperation on the part of a great railroad system and a properly con- 
stituted bureau of geology might be of great advantage to both the rail- 
road and the State. This was suggested to Mr. Collis P. Huntington, 
president of the Southern Pacific Company, with the result that Doctor 
Dumble was appointed consulting geologist for that far-reaching or- 
ganization (1897), which position he successfully held until his retire- 
ment, in 1925, 

This was the beginning of a work far more extensive, | believe, than 
Doctor Dumble had anticipated, for both State and international bound- 
aries were soon obliterated in the investigations that followed. “For 
the operation of railroad lines . . . the most important and vital 
matters were fuel, water and ballast; for their support they needed in- 
creased demand for transportation through the development of mineral 


deposits and water supplies in regions tributary to them.” > 

Concerning the new career which he had now begun with the South- 
ern Pacific Company, one of Doctor Dumble’s warm personal friends has 
written me, and so well stated are the events by which Doctor Dumble 
successfully reached probably the foremost place among the economic 
geologists of his time that I venture to here insert the following excerpt: 


“Soon after the inauguration of this work, the growing need for a better 
and cheaper source of locomotive fuel absorbed most of Mr. Dumble’s time 
and attention. Coal had to be hauled great distances, and in consequence 
Was very costly. Reported deposits of coal in Washington, Oregon, and 





* Austin, 1892, 8 vo., pp. 245, pl. xxv. 
*“A4 dream of fifty years ago.” 
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Mexico were examined and tested. The discovery of oil in Kern County, 
California, solved the railroad’s fuel problem. The experiments suggested 
by Professor Dumble and carried out by the engineer of tests department in 
Sacramento proved the entire suitability of crude oil for locomotive use. 
From this time on the oil industry had a steady growth from its humble 
beginnings to its present colossal proportions. From the beginning Professor 
Dumble had a guiding hand in the discovery and development of oil, both 
as a geologist, in outlining the manner in which the science of geology could 
best serve the new industry, and also as executive in perfecting an organiza- 
tion under trained heads to handle the various activities that go to make 
up the oil industry. His knowledge of business, and particularly of account- 
auney, stood him in good stead. His outline of accounting for an oil company 
has been the standard for most of the producing companies up to this time. 
l’rofessor Dumble was very successful in the discovery of oil. He never lost 
2a dollar for the Southern Pacific Company, but on the other hand was instru- 
wental in making untold millions for them.” 


Mr. Dumble was active in the management of the following South- 
ern Pacific properties having to do with the production of petroleum: 
The Rio Bravo Oil Company, organized in 1903 for the development 
of oil lands in Texas. As vice-president and general manager, he directed 
its affairs until his retirement, in 1925." The Kern County Trading 
and Oil Company, organized for the development of oil lands in Cali- 
fornia. When, in 1911, this company became the Fuel Oil Department 
of the Southern Pacific Company, Mr. Dumble withdrew from the general 
management, but remained as the head of its geological staff. Later, he 
organized the East Coast Oil Company for the development of oil in 
the Tampico Field of Mexico. As vice-president he retained the manage- 
ment of this company until his retirement. As consulting geologist of 
the Southern Pacific Company, he served on the board of directors of 
the Associated Oil Company and the Colorado-Pacific Development Com- 
pany. 

The advanced geologic methods employed by Mr. Dumble in the in- 
vestigation of oil properties and in conducting his search for new fields 
were so thorough and satisfactory that they were soon adopted by most 
of the companies operating under the same or similar conditions. In 
short, Doctor Dumble was a leader, not a follower. His business ex- 
perience doubtless led him to appreciate the value of organization in 
the work he had in hand. It is not surprising, therefore, to find each 
company under his management provided with a competent staff of 


geologists, largely of his own training. 

Mr. Joseph A. Taff, at present consulting geologist of the Southern 
Pacific Company in San Francisco, and for many years closely associated 
with Doctor Dumble, writes : 
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“Not only did he carry on detailed geological investigations to obtain all 
possible scientific information bearing on the oil character of the lands in 
advance of drilling, but he instituted lines of scientific research in connection 
with the drilling operations, particularly in the study of microscopic organ- 
isms in oil sediments. In the Gulf Coast region of Texas and Mexico he was 
recognized as a pioneer in this line of research, whereby the deep-seated 
formations were accurately correlated, not only from well to well, but from 
field to field. This line of paleontological research in oil field development 
was soon followed by all of the major organizations, not only in the soft 
sedimentary formations along the Gulf and Pacific coasts, but in the older 
formations of the mid-continent fields.” * 


Long ago, whea State Geologist of Texas, Doctor Dumble had been 
impressed with the importance of a detailed study of the fragments of 
shells of mollusks and the tests of other organisms obtained from the 
drillings of deep wells. Here his interest in subsurface begun. “When 
nearly seventy years of age he opened a laboratory in the company’s 
offices at Houston for an investigation of the oil-bearing sands by a study 
of their foraminifera. This work was developed under his direction 
largely by-Mrs. P. A. Applin, a graduate of the University of Cali- 
fornia.” 

At a complimentary dinner given in his honor, commemorating his 
seventy-second birthday, Doctor Dumble spoke feelingly of his early 
struggles and final triumph. He chose for his subject “A dream of fifty 
years ago.” He told of his early interest in lignite and iron deposits; of 
his “undoubting faith in the possibility of the use of geological knowledge 
and investigation for the development of these and other resources” ; of 
how “it seemed the opportunity of a lifetime to demonstrate this as it 
should be for our great State of Texas and prove . . ._ the practical 
value of scientific geology.” That was his dream. And, near the close of 
this address, he said: 


“As I look back over the long road, I see myself at the beginning alone on 
a dim trail, lonely and with little encouragement, save from my dear help- 
mate here, but with some most welcome assistance reaching out to me here 
and there, as I come slowly on. About midway of the years of waiting, there 
stretches out a helping hand, now turned to dust, the aid and guidance of 
which lays the stepping stones that lead to the first ascent and shows the way 
around the rocks and pitfalls of higher ground. The road widens and begins 
to mount upward with the organization of the survey. Then, with willing 
workers to cheer and help me, I am rising year by year, and the outlook as I 
come grows wider and clearer until, as I stand far up the hill, I look out upon 
the glorious fulfillment of my dream.’’* 





®° Privately communicated. 
™A dream of fifty years ago.” . 
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At this dinner Doctor Dumble was presented with a Tiffany plaque 
bearing the names of a hundred persons who had been associated with 
him or trained by him, “both in the old days of the Texas Survey and in 
the newer days of oil development. Among the names enrolled were 
many of the leading petroleum geologists of the country.” 

Doctor Dumble was a Fellow of the Geological Society of America and 
of the Texas Academy of Science (President, 1893-1894). He was a 
member of the American Institute of Mining Engineers, the California 
Academy of Science, the American Association of Petroleum Geologists, 
and the American Association for the Advancement of Science. In 1924 
he was the recipient of the honorary degree of Doctor of Science, con- 
ferred by Washington and Lee University. 

From what is above written it must not be inferred that Doctor 
Dumble’s interest was entirely with economic geology; on the contrary, 
he had a keen appreciation of pure science, as is well shown in many of 
his publications, As a man, he was highly respected. He had the gift 
of making many warm personal friends, and in his profession he was a 
careful and painstaking worker. To those who knew him best*he will be 
remembered as a quiet, unassuming gentleman, richly endowed with the 
spirit of research; to the world at large he will be remembered as one 
of the most successful economic geologists of his generation. 
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MEMORIAL OF WILLIAM KENNEDY ! 
BY W. E. WRATHER 


William Kennedy was born in Scotland and grew to manhood there. 
He received the equivalent of a high school education, after which he 
did some work in the University of Edinborough, though it is not known 
that he ever received a university degree. His early training was di- 
rected toward entering the merchant marine. He qualified as navigation 
officer and went to sea in a four-masted sailing vessel. His parents 
objected to the separation necessitated by a life at sea, and on this ac- 
count he subsequently obtained employment in a bank. This terminated 
his career as a sailor, but meanwhile he had acquired a mastery of mathe- 
matics and proficiency in the use of instruments which was to stand 
him in good stead in his later geological experience. His desire to travel 
and see the world was not so easily defeated, however, and he contrived 
te secure employment in the Bank of British North America, at Halifax, 
Nova Scotia. Later he was stationed at branch banks at Saint Cath- 
erines and Hamilton, Ontario. At the latter place he met and married 
Miss Margaret S. Richardson, who remained his devoted helpmeet 
throughout his long and active career. 

While occupied with banking in Canada he became actively interested 
in geology—at first largely as a hobby—and devoted his spare time to 
collecting the beautifully preserved fossil plants of the coal-making 
flora of Nova Scotia. This brought him in contact with Canadian 
geologists and spurred on his native aptitude for the science. By sys- 
tematic reading and study he rapidly acquired a proficiency as a geolo- 
gist which amply compensated for any shortcomings in his earlier 
education. It was during this period of self-education that he prepared 
his first paper for publication, “Superficial geology of Dundas Valley 
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and Western Ancaster, Canada,” which appeared in 1884 in the Journal 
of Proceedings of the Hamilton Association. While yet connected with 
the bank in Canada, he made an investigation in central Tennessee 
which furnished the subject-matter for his second paper, “The central 
basin of Tennessee.” This paper was published in the Proceedings of 
the Canadian Institute in 1889. 

In the late 80’s he definitely abandoned other means of livelihood and 
henceforth adopted geology as his life work. It was at about this time 
that he accepted a position with the Arkansas Geological Survey, then 
under the direction of J. C. Branner, and moved his residence perma- 
nently to the United States. His name does not appear as author of any 
of the reports of this survey, and the presumption is that he was engaged 
more as engineer than as geologist. 

In 1890 E. T. Dumble offered him a position as geologist on the 
recently organized Texas Geological Survey, which he promptly ac- 
cepted. The Texas Survey was rapidly gaining momentum at the time 
Branner’s appropriations were being curtailed, and Kennedy was one of 
a group of young geologists who transferred their allegiance to the 
newer organization. From that time until his death, on February 23, 
1926, he resided continuously in Texas and was closely identified with 
the geologic development of the State. 

The geology of the Southwest was until the time of Dumble’s survey 
very little known except in its broader general aspects. The work done 
hy the group of capable young men in this organization laid the ground- 
work on which all subsequent geological development in that region 
has been built. In fact, very little of the work then done has been 
substantially modified except by the addition of the inevitable detail 
which comes with an economic urge. 

Kennedy’s first assignment was an investigation of the iron ores of 
east Texas, on which he prepared a comprehensive report, appearing in 
the Second Annual Report, issued in 1891. He had acquired a consider- 
able knowledge of geology as applied to mining while in Canada, which 
was perhaps the reason for the economic aspect of this task. This 
predilection for mining geology continued throughout later years and 
furnished for him an interesting diversion, even during the time he was 
exclusively engaged in oil work. His library includes numercus note- 
books, written in a small but very legible handwriting, embodying 
information gleaned from most extensive reading on various phases of 
mining. 

During his connection with the Texas Survey his attention was de- 
voted primarily to unraveling and classifying the Tertiary formations 
of the eastern and southern portions of the State, and to this day the 
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names borne by the various lithologic units are those assigned by him 
in this pioneer enterprise. At this time he acquired an intimate know]- 
edge of Coastal Plain geology, which gave him an early insight into the 
problems involved in the oil and sulphur development of salt domes 
which was later to assume such preeminent economic importance. 

The Dumble Survey lasted about five years before it was put to rout 
by the ignorance and lack of sympathy of a somewhat vengeful legis- 
lature. The Fifth Annual Report, embodying the results of some of the 
most important work of the organization, was prepared in manuscript 
and was then in the hands of the printer, though it was destined never 
to “see daylight.” With funds withdrawn, the survey was summarily 
disbanded. Dumble, who had been a classmate of Julius Krutschnitt 
at Washington and Lee University and a lifelong friend, was soon there- 
after retained by the Southern Pacific Railroad, then under Mr. Krut- 
schnitt’s direction, as consulting geologist, to investigate and advise on 
the administration of the extensive land holdings acquired by the rail- 
road under Federal and State grants incident to its construction. The 
oil and mineral development on these lands soon became a task of major 
proportions, and Dumble took over with him many of the men who had 
been his lieutenants on the Texas Survey, among them Kennedy, who 
was later attached to the Rio Bravo Oil Company, the subsidiary which 
supplied fuel to the railroad in Texas and Louisiana and administered 
the lands owned in those States. 

In 1901 Spindletop ushered in the astonishing oil development of the 
Gulf Coast salt domes. Kennedy, located near by, at Houston, and 
already conversant with salt-dome geology, was immediately drafted to 
watch the development, and the railroad promptly became the principal 
purchaser of crude oil for fuel on its lines. He was thus thrown into 
intimate contact with oil producers and acquired a wide circle of ac- 
quaintance among the fraternity which subsequently made him perhaps 
‘the most widely known “oil geologist’—if this term is permissible at 
that time—in the Southwest. As the industry expanded, this acquaint- 
ance grew, due to Kennedy’s unusual propensity for making friends and 
his natural fund of common sense, which made it possible for him to 
fraternize with a class of men to whom any appreciation of geology was 
entirely foreign. He rapidly absorbed the technique of drilling and of 
oil-field operations and was soon able to direct this work successfully. 

When the United States Geological Survey, under the necessity of 
taking prompt cognizance of this novel phase of economic development, 
sought a suitably equipped geologist to prepare a report, Kennedy was 
immediately chosen. With the joint authorishp of C. W. Hayes, he 
issued a report on the “Oil fields of the Texas-Louisiana Gulf Coastal 
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Plains” as United States Gedlogical Survey Bulletin 212. This is 
undoubtedly his best-known contribution to the literature of economic 
geology. While Dr. Hayes’ name appears as coauthor in order to tie 
the publication into the regular work of the Government bureau (Ken- 
nedy had no official connection with the Survey), the detailed infor- 
mation and conclusions drawn from it were almost exclusively Ken- 
nedy’s. While American geologists have modified their views with 
regard to the origin and growth of salt domes since that time, it is 
nevertheless today quite impossible to treat comprehensively of the sub- 
ject without extended recognition of Kennedy’s trail-blazing contri- 
bution. 

After the Spindletop discovery his time was devoted primarily to 
problems of petroleum geology. The geographic scope of his activity 
widened considerably, including frequent trips to Mexico, California, 
and the Mid-continent oil fields, but his principal field remained in 
Texas and was largely centered about salt dome geology. 

About 1915 he resigned his connection with the Southern Pacifie and 
during the succeeding two years he maintained offices as consulting 
geologist in Fort Worth and Houston. During this period he was re- 
tained as consultant by the S. M. Swenson interests, which, operating as 
the Freeport Sulphur Company, were developing the Bryan Heights 
sulphur property at Freeport, Texas. He was called on to make various 
sulphur reports for them, as well as advise with regard to oil develop- 
ment on their widely scattered land holdings. In 1917 he accepted the 
position of chief geologist of the Lone Star Gas Company, which con- 
nection he retained until his death. 

In summing up this brief biographical sketch of one who partici- 
pated so intimately in the romantic evolution of the oil industry from 


its uncertain career in the 90’s to its modern gigantic proportions, it 
would be remiss not to include some comment of a more personal nature, 
arising out of a long and intimate friendship. Mr. Kennedy left behind 
a priceless heritage of admiring friends in every walk of life with which 
he came in contact. Among geologists he was a wise counselor and 
adviser, a man of broad geological insight, and one who never stooped 
to speak ill of any man. Among oil operators and field employees he 
was universally respected at a time long antedating the wide acceptance 
of geology by the industry, when the term “geologist” was usually one 
of opprobrium and scorn. He died without wealth, not because he was 
without the ability of acquiring it, but because he was wedded to science 
and asked of life only that it grant him a comfortable subsistence for 
himself and family. His modesty and self-effacement is evidenced by 
the fact that he seldom discussed personal affairs with friends except 
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in answer to direct questioning, with the result that even the meager 
facts contained herein regarding his early life were obtained only after 
extended inquiry among those who knew him best. He possessed a most 
untiring patience in advising and instructing the host of younger geolo- 
gists who flocked to him in later life for information and counsel. The 
writer acknowledges a deep debt of gratitude for the many hours of 
pleasant association when, as a raw recruit just escaped from college, 
he embarked on a geological career in a strange land and eagerly sought 
association with the small group connected with the Southern Pacific 
Railroad at Houston, who were then practically the only professed 
geologists engaged in oil work in the South. 

He possessed a most remarkable and unfailing memory, and likewise 
he maintained, to a marked degree, a youthful outlook on life, despite 
advancing years. This mental attitude was doubtless responsible for 
the fact that for many years he showed no visible signs of aging. Phys- 
ical decrepitude overtook him only in the closing several years of life, 
as a result of an insidious malady which resulted in his death. No 
doubt his physical appearance, which undoubtedly belied his years, had 
something to do with the fact that he successfully maintained the secret 
of his age, which appears to be unknown, even to his most intimate 
friends. 

He was absorbed in the science of geology to the total exclusion of 
other interests, and he persistently followed its development by studious 
reading of current geologic literature. His library, now the property of 
the company which last employed him, represented the accumulation of 
many years and was one of the most complete in the Southwest. 

Most of his published writings date from the period of his connection 
with the Texas Geological Survey and represent only a small percentage 
of his productive work. During his connection with the Southern 
Pacific he was engaged in the preparation of company reports which it 
was not his privilege to divulge, although he would gladly have made 
them public had he been granted that privilege. The accumulated infor- 
mation in his files he made use of abundantly, as is attested by the re- 
current footnote appended to many geological contributions on coastal 
geology, “Unpublished report of William Kennedy.” 

Mr. Kennedy is survived by his widow, who now resides at Austin, 
Texas. During recent years she has been practically an invalid. Out 
of consideration for her, he voluntarily chose to commute daily for 
several years from Fort Worth to Dallas, a distance of 36 miles, after 
the headquarters of his company had been moved to the latter place. 
Two sons were born to this union. The first-born died in infancy, and 
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the other, who engaged in the oil industry, possessed a frail constitution 
and died several years before his father. ; 

It may well be the ambition of any geologist of the younger genera- 
tion to leave behind, as his most lasting memorial, a wealth of kindly 
feeling and warm friendship such as is felt by all who were privileged 
to know William Kennedy. 
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MEMORIAL OF WILLIAM LIBBEY! 


BY N. H. DARTON 


It is seldom that the memorialist of a scientist is privileged to record 
a life so full of human fellowship and so varied in activities as was the 
life of William Libbey. For forty-one years he was an active member 
of the faculty of Princeton University, vet he succeeded at the same time 
in taking a notable part in civic and national activities, in patriotic so- 
cieties, in scientific expeditions, in literary pursuits, in sports, and in 
business. 

William Libbey’s attachment to Princeton University came naturally, 
for his father, William Libbey, a member of the famous New York firm 
of A. T. Stewart & Co., was a trustee of the institution for twenty years, 
and his mother was the Elizabeth Marsh, for whom was named the 
E. M. Museum, which was the foundation of the present great scientific 
collection of the university. The Libbey family in both generations 
contributed most generously to Princeton, their gifts to the Museum 
alone totaling a million dollars. The old University Hall, a combined 
hotel and college dormitory, was also their gift, and one of the last 
benefactions of Colonel Libbey’s life was the large donation, made in 
conjunction with Mrs. Libbey, toward the purchase of the Princeton 
battlefield for a memorial park. 

As generous as were these contributions, they are less important than 
the great gift that William Libbey gave to the upbuilding of the uni- 
versity in the influence he wielded upon student life for over fifty vears 
and his notable ability to combine scholarship and intellectual activities 
with the broader phases of community life and fellowship. 

Born in Jersey City on March 27, 1855, William Libbey entered 
Princeton University at eighteen years of age. He graduated in the 
class of *77, with disposition toward the study of medicine, but, this 
project losing its attraction, he returned to pursue graduate studies 
under Arnold Guyot in geology, Brackett in magnetism, McMillan in 
geodesy, and Young in astronomy. His degree of Doctor of Science, 
conferred in 1879, was the first one that Princeton gave and was awarded 
on the personal recommendation of these four distinguished scholars. 
Libbey then studied in Berlin and Paris, under Helmholtz, Kiepert, 
Dubois-Raymond, Guizot, and Quatrefages. After this wile training, 
Libbey returned to his Alma Mater in 1880 to become the assistant of 
Professor Guyot, teaching history, meteorology, and histology. On the 
death of Arnold Guyot, in 1884, he succeeded him as head of the Depart- 
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ment of Physical Geography, in which post he officiated until 1923, when 
he became Professor Emeritus. For forty years he was director of the 
Museum of Geology and Archeology. 

He was always an outstanding figure in university life, not alone in 
his professorial capacity, but as official organizer of university activities. 
This efficiency in handling men led to his participation in many special 
phases of university life. It was he who made all the arrangements for 
the expeditions sent out by Princeton in the interests of geology in 1878 
and of astronomy in 1878, 1890, and 1900. For many years he acted as 
the grand marshal in all the processions, commencements, and other 
festivities. Just a few weeks before his death he had thus officiated, 
giving the insignia of honorary degrees to distinguished men, including 
General Pershing. He is credited with the original creation of the 
orange and black as a symbol of Princeton, and his work in gathering 
the published works of Princeton alumni was the start of the present 
valuable and comprehensive collection of Princetoniana. It was only 
fitting that the historic bell in Nassau Hall should toll during his 
funeral. 

To the domain of geology Libbey contributed in several ways. In 
1877 and 1878 he organized, as already stated, the first Princeton geo- 
logical expeditions to the West, and he himself went on the first of these 
in company with H. F. Osborne and W. B. Scott, who were classmates 
of his. The donations of the Libbey family made these collecting explo- 
rations possible and also provided for the publication of the results, while 
through the development of the E. M. Museum they furnished the 
nucleus for the great scientific collections of which Princeton is now so 
proud. Libbey acted as director of the Museum during this development 
period and, according to the resolutions adopted by the faculty on his 
death, the whole department of geology owed its inception and much of 
its early development to the liberality of the elder and the younger 
Libbey. The Department of Paleontology, now an important branch 
of the university curriculum and one that has brought it special fame, 
was also fostered by Professor Libbey. So it was that William Libbey, 
who was professor of geography and histology, W. B. Scott, who taught 
geology and paleontology, and Henry Fairfield Osborn, who specialized 
in comparative anatomy and zoology, formed the powerful trio that 
built up the Department of Natural Sciences in Princeton University. 

Although actively engaged in teaching, Professor Libbey found time 
for much outside work. He edited three editions of the Princeton 
Alumni Directory and translated the University’s General Catalog from 
Latin into English. He made large additions to the fourth edition of 
“Physical and Meteorological Tables,” prepared for the Smithsonian 
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Institution by Guyot,? published as Miscellaneous Cdllection No. 558 
in 1884. His well-known card catalogue of geographical literature, 
covering about a century and containing some 150,000 cards, an index 
to his own library and that of Guyot, which he purchased, is left in 
the possession of Mrs. Libbey, to be disposed of as she may think 
wisest. He also gathered and indexed 15,000 geographical lantern slides, 
which from 1879 he utilized extensively in teaching and lecturing on 
geography and anthropology. Many copies of these slides have been 
made for other universities. 

Professor Libbey was particularly fortunate in the opportunities which 
his talents gained for him of participating in unusual explorations. 
Besides the geological and meteorological expeditions in this country 
and membership in Professor Young’s party to Moscow in 1887 * to 
photograph the eclipse of the sun, he had some very remarkable experi- 
ences. One was a journey to Mount Saint Elias, in Alaska, in 1888, with 
Lieutenant Schwatka, under the auspices of the New York Times, an 
assignment which furnished a thrilling chapter of adventure in his life. 
Although the summit of the great peak was not attained, many inter- 
esting observations were made,* and he named the two great glaciers 
on its slopes Guyot and Agassiz. A later explorer named another ane 
on the mountain after Libbey. 

In 1893 he made a trip to Hawaii for the Philadelphia Academy of 
Sciences, and while spending ten days at the crater of Kilauea, then in 
eruption, he had an opportunity of examining the burning gases with a 
small spectroscope, and for the first time established the fact that they 
contained hydrogen.® This discovery greatly interested geologists, es- 
pecially in Europe. The following year he accompanied Henry G. 
Bryant © on the Peary auxiliary expedition to Greenland, with title of 
geographer, and in 1899 he again made explorations in that country, 
as leader of the Princeton Scientific Expedition, on the Peary Club’s 
relief ship Diana.’ 

One of his most notable journeys was in 1902, when, accompanied 
by Dr. Franklin E. Hoskins, of the Beirut Mission, he had the very 
great privilege of visiting the ruins of Petra, built in the cliffs of Moab, 





2A tribute to Guyot was given in his paper, Life and scientific works of Arnold 
Guyot, by William Libbey. Bull. Am. Geographical Society, volume 16, 1884, pages 
194-221. 

’ Moscow the magnificent, by William Libbey. Bulletin of the American Geographical 
Society, volume 20, 1888, pages 273-274. 

*Some of the geographical features of southeastern Alaska, by William Libbey. Bul- 
letin of the American Geographical Society, volume 18, 1886, pages 279-300. 

5 Gases in Kilauea, by William Libbey, American Journal of Science, volume 47, 1894, 
pages 371-372. 

®* Bulletin Geographic! Club of Philadelphia, volume 1, 1893-1895, pages 141-215. 

* Bulletin American Geographical Society, volume 32, 1900, pages 245-248. 
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near Mount Hor. The trip was a long one, full of perils from hostile 


bedouins. 

His best-known work is probably the two delightful volumes entitled 
“The Jordan Valley and Petra,” in which he recorded in most enter- 
taining style the highly valuable observations made during the journey 
to this remote and novel region. Some of his observations were also 
presented to the Association of American Geographers in 1905.° 

Libbey spent parts of three summers making an oceanographic in- 
vestigation for the United States Fish Commission, off the coast of New 
England, with the object of studying temperature relations between the 
cold Labrador Current and the warm water of the Gulf Stream, to ascer- 
tain if there was any connection between temperature changes in the 
water and the migration of the fish which inhabit them.® The practical 
application of this inquiry was to ascertain if there was any prospect that 
the tile fish would return to their old haunts, and Libbey’s prediction 
that they would de so was fully verified. This work also obtained its 
principal appreciation in Europe, and Sir John Murray, the famous 
oceanographer, was so much impressed with the value of the new light 
thrown on the shifting of ocean currents that on his map of the ocean 
he named one of the greater depths off the New England coast the 
“Libbey Deep.” 

While attending the meeting of the British Association for the Ad- 
vancement of Science,’® Libbey presented data showing the existence 
of an earthquake zone in the Pacific Ocean region which is at right 
angles to the well-known fracture zone and along which the majority 
of earthquakes occurred. This idea made so great an impression on John 
Milne, at that time the greatest authority on earthquakes, that he named 
this transverse zone after Libbey. 

Professor Libbey’s work was highly appreciated by the American 
Geographical Society, of which he was for many years a Councilor and 
Foreign Corresponding Secretary. He was member and fellow in many 
societies in America and Europe and was elected a fellow of the Geologi- 
cal Society of America in 1899. He was an officer of the French 
Academy; Vice-President of the Society of American Naturalists and 
of the Geographical Society of Philadelphia; honorary member of the 
Geographical Society of Liverpool; corresponding member of the Geo- 


* Abstract in Bulletin of the American Geographical Society, volume 38, 1906, pages 
NG-07. 

* Presented to the Fifth International Geographic Congress, in London, 1895, under 
the title “The relations of the Gulf Stream and the Labrador Current.’ Abstract in 
Bulletin American Geographical Society, volume 24, pages 98-100. 

“ Report British Association for the Advancement of Science for 1904, page 44. 
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graphical Society of Geneva, and fellow of the Royal Geographical 
Society of London. 

Many civic honors likewise came to William Libbey. Intensely patri- 
otic, he was an active worker in many distinguished societies devoted 
to the propagation of patriotic ideals. For years he held the highest 
office in the Sons of the Revolution, both the National and the State 
organizations, the New Jersey Society of Colonial Wars, and Order of 
Founders and Patriots, and the vice-presidency in various other patriotic 
societies. That his business ability was also highly appreciated is indi- 
cated by the fact that he was president of one bank, vice-president of 
another, and director of insurance and bonding companies. He was a 
prominent member of the First Presbyterian Church of Princeton. 

His practical citizenship manifested itself when, as a young graduate, 
he took charge of the construction of the Princeton waterworks, to 
supply the community with pure water, and for eighteen years thereafter 
he acted without compensation as secretary of the water company. He 
established the first telephone system in Princeton and surveyed and 
planned the sewage disposal plant. His community spirit was marked 
throughout his life, and his disinterested devotedness was rewarded by 
the open, affectionate admiration of his fellow-townsmen. 

The Princeton youth owed Professor Libbey a large debt for the impe- 
tus he gave to clean sport—baseball, rowing, and marksmanship. Him- 
self a winner of an Olympic medal and twice a member of the Olympic 
rifle team that won the world championship, he was a most skillful in- 
structor in rifle practice. He organized the local infantry company of 
Princeton in 1900 and made it an honor to the town, maintaining for 
many years the highest marksmanship record in the State. This in 
return brought him successive promotions, first in the National Guard 
and then, during the World War, in the Regular Army, where he attained 
the rank of lieutenant colonel and chief rifle demonstrator, being in 
service at various war camps in Pittsburgh and in Washington. 

At the close of the war he was recommended for promotion to a 
coloneley and received honorable discharge on March 20, 1919. He was 
appointed colonel in the New Jersey State Guard, in charge of rifle 
practice, and for six terms (1915-1925) he held the presidency of the 
National Rifle Association of America. His record for rifle shooting, 
made in 1906, was 439 out of 450, the highest ever made at the Sea Girt 
range. 

This long and honored career came to a sudden close on the evening 
of September 6, 1927, in Princeton, New Jersey. Apparently conva- 


lescing from a minor illness, which, however, had considerably dimin- 
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ished his vitality, Colonel Libbey was conversing happily with his wife 
and his cousin, when suddenly he succumbed to heart failure. 

He is survived by his widow, who was Mary E. Green, the daughter 
of William Henry Green, the famous Hebrew scholar and professor of 
the Princeton Theological Seminary, and by two daughters, Mrs. W. 
Lester Glenney, of Plainfield, and Mrs. W. Thayer Field, of South 
Orange, and four grandchildren. The home life of Professor Libbey was 
particularly congenial, and this undoubtedly fostered the innate kindli- 
ness for which he was known and loved. The Princeton Herald, in an 
editorial, says: 

“Princeton has known few men who could do so many things and do them 
as well as Colonel Libbey. In each of the many fields in which he was active, 
his death will be greatly felt. His life, which was a full one, was devoted 
for the most part to others. No man can put his life to better use than that.” 


MEMORIAL OF CHARLES JOSEPH NORWOOD? 


BY AUGUST F. FOERSTE 


Charles Joseph Norwood was born at New Harmony, Indiana, Septem- 
ber 17, 1853. He was the son of Dr. Joseph Granville Norwood and 
Mary Frances (Pugh) Norwood. Whi! he was still a baby, the family 
moved to Columbia, Missouri, where the father became dean of the 
Medical Department of the University of Missouri. 

In addition to his profession of medicine, Norwood’s father was in- 
terested also in geology. He was well acquainted with the brothers 
David Dale Owen and Richard Owen, both of whom lived at New 
Harmony, Indiana, and Dr. Norwood was associated with David Dale 
Owen in several geological investigations. In addition, he was State 
Geologist of Illinois seven years, from 1851 to 1858, and when the 
Illinois Survey was discontinued he served four years, from 1858 to 
1862, as Assistant Geologist of Missouri. Finally, in 1871, at the close 
of the brief tenure of office of Albert H. Hager as State Geologist of 
Missouri, Dr. Norwood was acting State Geologist of this State for 
several months. These statements are sufficient to indicate that the 
boyhood of C. J. Norwood was spent in an atmosphere of interest in 
geology. 

Charles Norwood’s early education was secured from private tutors. 
Later, during the years 1868 to 1872, he attended the University of 
Missouri, and during his last year at the university he was the assistant 
in physics. However, instead of finishing his college course, at the age of 


1 Received by the Secretary of the Society December 29, 1927. 
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nineteen he became Assistant Geologist in the Geological Survey of 
Missouri. This position he held two years—one under the State Geolo- 
gist, Raphael Pumpelly, and the other under G. C. Broadhead—until the 
survey was discontinued, in 1874. During these two years Norwood 
investigated the coals of Missouri, especially those of the northern and 
western parts of the State. North of the Missouri River he studied the 
coals of the eastern half of the coal area, including the tier of counties 
extending from Howard and Chariton counties, which border on the 
Missouri River, northward to Putnam and Schuyler counties, at the 
northern margin of the State. South of the Missouri River he investi- 
gated the coals along the western margin of the State, between Bates 
and Jasper counties. 

Immediately after the discontinuance of the Geological Survey of 
Missouri, Norwood became associated with the Geological Survey of 
Kentucky as Assistant Geologist, the latter Survey having been reestab- 
lished during the preceding year, with Prof. N. S. Shaler as State 
Geologist. This position Norwood held for six years, until 1880, when 
Shaler ceased to be State Geologist. During this period Norwood de- 
voted himself almost entirely to the coals of the State, chiefly to those of 
its western area, but he also gave some attention to the lead deposits in 
the western and central parts of Kentucky. ; 

During one of his explorations in southeastern Kentucky he became 
acquainted with Sarah E. White, living six miles from Manchester, in 
Clay County, and married her on October 5, 1876. At this time he 
was making his home in Lexington, Kentucky. However, in the fall 
of 1877, he moved to Russellville, south of the western coal area of the 
State, where he became professor of natural science, holding this posi- 
tion four years. Under the term natural science he taught all the 
sciences it was customary at that time to teach, both natural and physi- 
cal. In the meantime he continued his work as Assistant Geologist. 

During his six years as Assistant Geologist of Kentucky, Norwood be- 
came an expert in his knowledge of coal mining, but he also was inter- 
ested in metals. 

In 1881, at the age of 28 years, Norwood became manager of the 
Sonora Mining Company, in Ouray County, in southwestern Colorado, 
holding this position three years. This company operated large silver 
mines at an altitude of 10,500 feet, in a territory at that time occupied by 
the Ute Indians. 

In 1884 Norwood was offered the managership of a mining company 
in Oregon at a handsome salary, and returned to his home in Kentucky 
in order to prepare for this new position. 
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However, on arriving in Kentucky, he found that the State Legisla- 
ture had just enacted a law creating the position of State Inspector of 
Mines. This was an office in which Norwood was very much interested. 
While Assistant Geologist of Kentucky, Norwood had been very much 
impressed by the dangerous and insanitary conditions under which min- 
ing was done within this State. On every possible occasion he had 
urged the necessity of State inspection of mines; consequently he was 
regarded by mining men as the logical candidate for this office, and his 
acceptance was urged by all interested. He accepted gladly, though the 
Oregon position carried with it a larger salary. Therefore, in 1884, 
Norwood became Chief Inspector of Mines in Kentucky. This position 
he held for a total of thirty-one years, almost continuously. His first 
term of office lasted thirteen years, from 1884 to 1897, and his second 
term eighteen years, from 1902 to 1920. 

The five years intervening between these two terms as Chief Inspector 
of Mines he spent in mining operations. During the first two years, be- 
tween 1897 and 1899, he was in charge of gold mining projects in 
(ieorgia. During the last three years, between 1899 and 1902, he was 
chief engineer of the Saint Bernard Coal Mining Company, at Earling- 
ton, in Hopkins County, in the coal area of western Kentucky. 

However, in 1902, the State Legislature of Kentucky established a 
course in mining engineering at the University of Kentucky (at that 
time known as the State College of Kentucky), and provided that the 
Chief Inspector of Mines also should serve as the dean of this newly 
organized department of mining in the university. Norwood was recog- 
nized as the logical candidate for both offices. Hence, in 1902, he re- 
turned to public service and became not only Chief Inspector of Mines, 
but also the first dean of the College of Mining and Metallurgy at the 
university. With this Department of Mining and Metallurgy Norwood 
was affiliated a total of twenty-three years, almost continuously, and he 
was still head of this department at the time of his death. 

The interruption of Norwood’s continuous service as dean and head of 
the Department of Mining and Metallurgical Engineering at the uni- 
versity took place during the two years intervening between 1918 and 
1920. At first it was stipuated by the State Legislature that the positions 
of Chief Inspector of Mines and that of Dean of the College of Mining 
and Metallurgical Engineering should be held by the same person ; but in 
1918 the Legislature separated the State Department of Mines from the 
university, and thus made necessary the separation of these two offices. 
Norwood, who had held both offices, was requested by the Governor of the 
State to continue as Chief Inspector of Mines, which he did; but he 
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soon found that sixteen years of service as a professor in the university 
had changed his line of chief interest. He loved the classroom and his 
association with young men interested in mining engineering. There- 
fore in 1920 he definitely resigned from his position as Chief Inspector of 
Mines and returned to the university. In the meantime the College of 
Mining and Metallurgical Engineering had changed its title to that of a 
division of the general College of Engineering, and of this division Pro- 
fessor Norwood again was made the head. 

In the meantime, in addition to being the Chief Inspector of Mines 
and the Dean of the College of Mining aid Metallurgical Engineering, 
Norwood had also been Director of the Geological Survey of Kentucky 
for a period of eight years, between 1904 and 1912. The preceding sur- 
vey, under John R. Proctor, had collapsed in 1894, and ten years had 
passed since this collapse. In 1904 Norwood reestablished this survey 
and gave it a prestige in the State which has made it possible to continue 
it almost coninuously ever since. 

During the incumbency of office of Professor Norwood as Director, 
the publications of the Geological Survey of Kentucky were issued under 
the name of bulletins.. These bulletins include a total of nearly 3,000 
pages of printed matter. Of this total, 77 per cent deals with geological 
material chiefly of economic interest; 17 per cent deals chiefly with the 
stratigraphical structure of the rocks of the State, and 6 per cent con- 
sists of three county reports, prepared at the urgent request of local in- 
terests in these counties. 

By far the greater part of the material of economic interest pub- 
lished under Professor Norwood deals with coal. In fact, these reports 
on coal form 43 per cent of all the material published under his super- 
vision. The remaining 34 per cent of economic interest deals chiefly 
with fluorspar, oil, gas, and clays, with minor reports on lead, zinc, and 
barite ; also, reports on the soils and water powers of the State. 

In connection with his office as Director of the Geological Survey of 
Kentucky, Professor Norwood was instrumental also in securing ade- 
quate appropriation from the State Legislature for the topographic map- 
ping of various quadrangles within the State, in collaboration with the 
Topographical Department of the’ U. S. Geological Survey. Most of 
these quadrangles were selected from areas promising economic develop- 
ment. 

It should be stated in this connection that, although Professor Nor- 
wood’s interests were centered in economic geology, he also was interested 
in both the stratigraphic and the paleontologic phases of geology. How- 
ever, those in charge of appropriations in the Legislature and those 
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in control of publications by the Survey insisted on pushing the claims 
of economic results in preference to other lines of geologic interest. 

Professor Norwood was strongly interested in the economic develop- 
ment of Kentucky, his beloved adopted State. No expenditure of effort 
was too great for him if it promised desired results. During his second 
year of service with the University of Kentucky he personally collected 
most of the material for the Kentucky Mineral Exhibit at the Saint 
Louis Exposition, and personally installed it at the exhibition, where it 
received much attention and favorable comment. In 1907 he was mem- 
ber of the commission in charge of the exhibits of Kentucky at the 
Jamestown Exposition. 

During the years 1906 and 1907 Norwood represented Kentucky at 
the National Conference on Weights and Measures. 

Many honors came to Norwood during his long life. In 1906 he was 
given the honorary degree of Master of Science by the Kentucky Agricul- 
tural and Mechanical College, now known as the University of Ken- 
tucky. 

In 1918 the name of the student mining society of the university was 
changed from Kentucky Mining Society to Norwood Mining Society, in 
his honor. This society had been organized by Norwood himself, soon 
after becoming dean of the College of Mining and Metallurgical En- 
gineering, in 1902. It was intended to foster an interest in mining be- 
yond the bounds of the classroom on the part of those students who 
definitely intended to enter the profession of mining enginering. How- 
ever, in 1918, when Norwood temporarily withdrew from the university 
in order to continue as Chief Inspector of Mines, this society lost its 
well-beloved leader, and, as a token of appreciation of his former services, 
it changed its name to that of the Norwood Mining Society. This name 
still is in use, though the society at present is affiliated with the American 
Institute of Mining and Metallurgical Engineers, as a student branch. 

Early in January of 1927 Frank D. Rash, president of the Mine 
Operators’ Association of Kentucky, stated that Professor Norwood had 
contributed more than any other one man toward the development of the 
mining industry of Kentucky. In recognition of this fact he presented 
to the university $1,000, to be known as the Norwood Scholarship Fund. 
The proceeds of this fund are in use to assist students of mining en- 
gineering at the university who may be in need of help. 

Professor Norwood was a good geologist and showed considerable 
ability in the mining of metals, but he will always be known best for 
his familiarity with the mining of coal, in which his interests were cen- 


tered. 
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Socially, Professor Norwood was a man of distinct personality. He 
was noted for his rugged honesty. He was conscientious and persistent 
in his work. He did not allow any of his numerous duties to suffer. 
Often he sacrificed both meals and sleep and continued his labors until 
the early morning hours in order to finish his work. 

Norwood was loved by his students and stood high in their estimation. 
Many of his former students testify that he had a strong influence in 
shaping their lives. He was a wonderfully inspiring teacher and was 
very successful in adapting his instruction to the capacities of his stu- 
dents. He was very fond of young people and attracted to himself a 
wide circle of youthful friends. He was a delightful conversationalist 
and a fine public speaker. He was also a great lover of music and in his 
younger days was an accomplished violinist. 

Both Norwood and his wife were active in the civic affairs of Lexing- 
ton and had numerous friends among its citizens. At the celebration 
of their golden wedding, on October 5, 1926, an elaborate reception was 
given in their honor at the Universiy of Kentucky. 

Professor Norwood was a fellow of the Geological Society of America 
(1894) and of the American Association for the Advancement of Science. 
He was a member of the American Institute of Mining and Metallurgi- 
cal Engineers (1874) and of the Society for the Promotion of Engineer- 
ing Education. He was a charter member of the Kentucky Academy of 
Science. He also was a member of the Filson Club of Louisville, Ken- 
tucky. 

Norwood was one of the most prominent Masons in the State of Ken- 
tucky. During his life he held all of the offices in the Grand Lodge. 
He was a Shriner and a member of the Scottish Rite Masons. At the 
time of his death he was president of the Masonic Club, a governor of 
the Masonic Temple Association, and held the office of Orator in the 
Shrine. 

His church affiliation was Episcopalian. 

He died of paralysis, after a very short illness, on the night of Thurs- 
day, January 20, 1927, at his home in Lexington. 

He is survived by his wife, Sarah White Norwood ; his daughter, Mrs. 
Kitchell Walker, of Lexingon; his son, Joseph W. Norwood, of Louis- 
ville, and five grandchildren. 
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MEMORIAL OF MAYVILLE W. TWITCHELL 
BY HENRY B. KUMMEL 


On the afternoon of April 3, 1927, Dr. Mayville W. Twitchell, As- 
sistant State Geologist of New Jersey, delivered an address before the 
Newark Mineralogical Society. Those who heard him testified that he 
spoke with his customary clarity and fluency. A few minutes later, 
while walking with friends to a hotel, he collapsed on the street and 
died of heart disease before he could be carried to a near-by hospital. 

Dr. Twitchell, the son of Lonsville and Adelaide Twitchell, was born 
October 14, 1868, in Washington, D. C., and was, therefore, in his 59th 
year at the time of his death. His was a New England family, a fact, 
apparently, of which his grandfather and father were proud, because 
both he and his father were named for towns in Maine. He was the 
youngest of three children. His early years were spent in Washington, 
where his father for many years was principal of a school of business 
and penmanship. As a young man he was for seven years draftsman on 
the staff of the Scientific American, in New York City. He there became 
interested in mineralogy and was a member of several New York 
mineralogical societies. This association turned his thoughts to scien- 
tific work. He left the Scientific American, obtained employment in the 
United States Patent Office, in Washington, and enrolled in Columbian 
University, studying chemistry at first and later shifting to geology. 
He won his B. S. degree in 1899 and a Master’s degree in 1900. He was 
assistant in geology at the same university in 1899-1900, and instructor 
for four years following. During these same years he was Assistant 
Geologist on the Maryland Survey and also carried on advanced work 
at Johns Hopkins University, receiving his Doctor’s degree in 1905. 





1 Received by the Secretary of the Society March 7, 1928. 
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His thesis for the Doctorate was on the Cenozoic Crassiduloide of the 
United States, and was part of a larger work undertaken as junior author 
with W. B. Clark on the Mesozoic and Cenozoic Echinodermata of the 
United States. He then became Professor of Geology at the College, 
afterwards the University, of South Carolina—a position which he held 
for seven years. 

In 1911 the Governor of South Carolina made an effort to abolish 
the Geological Survey of that State, as being of no value to its people. 
The Legislature at first refused to concur, but greatly cut the appropri- 
ations. Dr. Twitchell, as Professor of Geology at the State University, 
sought and received the appointment in the hope and expectation that 
in the interval before the next meeting of the Legislature he could 
demonstrate to the Governor and Legislature the value of such a survey. 

Although the entire appropriation available was only $1,500, from 
which he had to pay all his field expenses in addition to his per diem 
compensation, and in spite of the fact that his professorial duties took 
much of his time, he made an aggressive attempt to rehabilitate the 
survey. During the few months at his disposal he was active in assisting 
municipalities in their search for ground-water supplies and for suitable 
material for improved roads. He gave some consideration also to other 
of the State’s resources. The time, however, was too short in which to 
convert a hostile administration and the succeeding Legislature abolished 
the position. 

This failure of his hopes was a great disappointment and made him 
the more ready in July, 1912, to accept the position of Assistant State 
Geologist on the New Jersey Survey—a position which he held at the 
time of his death. 

Dr. Twitchell’s most important contribution to science was his part 
of Monograph 54, on the Mesozoic and Cenozoic Echinodermata, under- 
taken jointly with Dr. W. B. Clark and published by the United States 
Geological Survey in 1915. Of the species listed, twenty-nine were new 
and were first described therein by him. In 1906 he published, through 
the MacMillan Company, a little book on Maryland, a supplement to the 
well-known Tarr and McMurry series of geographies. 

His term as State Geologist of South Carolina was too short for the 
completion of any important investigation, and the results of his isolated 
studies of local conditions are preserved only in the letters he wrote and 
in the columns of local newspapers. 

As Assistant State Geologist of New Jersey, part of his time was 
occupied in routine administrative duties—answering letters of inquiry, 
classifying collections, etcetera. For several years he had charge of the 
collection of statistics on mineral production, and he was the author 
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of successive bulletins on this subject. At the time of his death he was 
just bringing to completion a manuscript on the underground water 
resources of New Jersey—a subject on which he had been at work at 
intervals for several years and which involved the study and correlation 
of many well records. 

He was elected fellow of this Society in December, 1911, and later 
became a member of the Paleontological Society. 

Force of circumstances and environment prevented him in some de- 
gree from doing much research work. Limited means and the necessity 
of earning his living at an early age sent him to work when most of us 
were receiving our technical and professional training. His collegiate 
studies were carried on largely at night, after his service in the Patent 
Office. He was thirty-three before he began his graduate professional 
studies and thirty-seven when he received his Doctor’s degree. While 
other men working under the same handicaps have become preeminent in 
research, Dr. Twitchell, by temperament and inclination, was a teacher 
rather than an investigator. He enjoyed his classroom work, and his 
efforts in this line did not cease with the relinquishment of his pro- 
fessorship at the University of South Carolina. In 1915, after coming 
to New Jersey, he became a member of the lecture faculty of the Wagner 
Free Institute of Science in Philadelphia, and every year theréafter 
until his death he offered evening courses in geology and mineralogy, 
which were well attended 

In addition to these more formal courses of instruction, Dr. Twitchell 
lectured frequently before non-technical audiences on subjects related to 
geology and mineralogy, and these efforts to popularize the sciences 
in which he was so much interested were measurably successful. He was 
intensely interested in the relations of religion and science. In his 
private life an earnest and sincere Christian and an active worker in 
his church, he had defined in his own mind the respective fields of these 
two subjects. To him there was no conflict between their respective 
claims to his allegiance, when these claims were rightly interpreted. 
Much of his thought and effort over many years was given to presenting, 
as he had the opportunity, the harmony between these phases of truth. 
He had little patience with those people who, whatever their motives, 
sought to set up a barrier between the well-established concepts of science 
and the demands of Christian belief, too often expressed by the theo- 
logical dogma of a bygone day. He believed that no greater error could 
be committed than to demand of the youth of today, in the name of 
religion, a choice between an eighteenth century theology and a twentieth 
century science, and to insist that Christian faith and living was con- 
tingent upon the rejection of certain scientific theories or hypotheses. 


IV—BuLL. Grou. Soc. AM., Vor. 39, 1927 
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To him the facts of science were as sacred and as binding on his intelli- 
gence as were the facts of his Christian experience, and all his life it 
was his aim and purpose to bring about a better understanding in these 
matters. At the time of his death he was working on a book for the 
student on science and religion, based on many years’ teaching of Bible 
classes, as well as his teaching of classes in science. This book repre- 
sented the work of many years’ reading and studying, but was not com- 
pleted. 
Dr. Twitchell was married to Fannie Taylor, who died in 1904, leaving 
a daughter, Thera. Later he married Luella Hathaway and had two 
sons. The older son, Frank, died in his early boyhood. The vounger 
son, William Walling, the daughter, Thera Twitchell Lindsey, and the 
widow survive. 
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MEMORIAL OF EUGENE ALLEN SMITH ' 
BY CHARLES BUTTS 


With the death of Eugene Allen Smith, State Geologist of Alabama, 
on September 7, 1927, the Society lost another of its few remaining 
charter members. Dr. Smith was appointed State Geologist of Alabama 
by act of Legislature in 1873, and served continuously in that office 
until his death, a period of somewhat more than fifty-four years. No 
other State Geologist has held the position so long except James Hall, 
of New York, who was de facto State Geologist and Paleontologist 
from 1843 to 1898, a period of fifty-five years, and was directly engaged 
in geological work in New York State for more than sixty years. In 
the course of his long period of service as teacher of geology in the uni- 
versity and as State Geologist, Dr. Smith became one of the most widely 
known men in Alabama, and so endeared himself to all who knew him 
that he came to be spoken of affectionately as the “Little Doc.” 

Dr. Smith was born at Washington, Autauga County, Alabama, Octo- 
ber 27, 1841, and was thus nearly 86 years old at the time of his death. 
His father was Samuel Parrish Smith, a doctor, and his mother’s maiden 
name was Adelaide Julia Allen, a descendant of Governor William Brad- 
ford, of Massachusetts. Dr. Smith was also connected through various 
lines with the Phelps, Bishop, Fitch, Walcott, and other prominent old 
New England families. From the fact that he attended school in Phila- 
delphia and universities in Germany, it seems probable that his parents 
were people of some means. 

But little information about his childhood days is available. He at- 
tended a private school at Prattville, Alabama, and in 1856, at the age 
of fifteen, entered the Central High School of Philadelphia, where he 


? Manuscript received by the Secretary of the Society February 11, 1928. 
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found great inspiration. Apparently he was docile and on good terms 
with his teachers, as evidenced by the following words: “I read three 
or four pages of Latin each day just because my instructor liked for me 
to do so.” Apparently he continued in attendance at the Central High 
School for most of the time until the autumn of 1859, but it seems that 
he visited relatives in Connecticut and attended school there for a period 
in which he composed a four-page journal entitled “The Half Yankee 
Boy,” which was made up of excerpts from various sources and on a 
variety of subjects and carefully lettered in ink. In this period also 
he executed some fine work in carving, some of the finest pieces being 
done on peach seeds. 

In 1860, at the age of nineteen, he entered the University of Alabama 
as a junior and graduated in 1862 with the degree of A. B. From 
graduation on until the end of the Civil War he served as drill master 
and instructor in tactics at the University of Alabama. Nevertheless, 
Dr. Smith as a military hero is inconceivable to one acquainted with his 
gentle disposition. 

In the autumn of 1865 Dr. Smith went to Europe, where he attended 
various Yerman universities—one semester at Berlin, a semester at 
Gottingen, and in the autumn of 1866 he entered Heidelberg, where he 
was graduated in 1868 with the degree of Doctor of Philosophy summa 
cum laude. At Heidelberg he studied under Professors Blum, Bunsen, 
Hofmeister, Leonhard, Kirchof, and Erlenmeyer. To Bunsen and Hof- 
meister he doubtless owed much of his interest in chemistry and botany. - 
Presumably he studied geology and mineralogy also, but no information 
is at hand concerning courses and teachers in those subjects. 

While in Europe he spent his summer vacations in travel, the art gal- 
leries being especial objects of his interest. 

In 1868 Dr. Smith was appointed assistant professor of chemistry in 
the University of Mississippi, where he came under the influence of Hil- 
gard, to whom it is said he owed much of his interest in geology. In 
1871 he was elected professor of chemistry and mineralogy in the Uni- 
versity of Alabama, his commission also providing that he should spend 
as much of his time as could be spared from teaching in the investiga- 
tion of the natural resources of the State. This naturally led to his 
appointment as State Geologist, which took place in 1873, his salary 
as professor in the university covering his compensation for both 
positions. 

In 1872 Dr. Smith was married to Jane Henry Meredith Garland, 
the daughter of Dr. and Mrs. Landon Cabell Garland, a distinguished 
educator, president of Randolph-Macon College from 1835 to 1847, of 
the University of Alabama from 1855 to 1865, and Chancellor of Vander- 





MEMORIAL OF E, A. SMITH 53 


bilt University from 1875 to 1893. There were five children, of whom 
three—Landon Garland, Truman Aldrich, and Merrill Pratt Smith— 
are still living. There are two grandchildren, a son and a daughter of 
Landon. Dr. Smith is also survived by his devoted wife, who through 
fifty-five years of happy married life, and especially during his declining 
years, so faithfully provided for the welfare of her distinguished 
husband. 

Dr. Smith, originally a Methodist, was later united with the Episcopal 
Church; but, while of blameless life and of highest character and a 
liberal contributor to the church, he was still, apparently, not a zealous 
churchman nor an undeviating attendant upon church services. His 
Sundays were largely spent in his office, his time being mostly devoted 
to his extensive correspondence. 

Personally Dr. Smith was of small stature—I should judge about five 
feet six inches in height; brown-eyed, spare and wiry, very active, phys- 
ically and mentally. He was modest and unselfish. I never knew a 
less self-seeking man—absolutely devoted to the interests of the State 
and the Geological Survey and without a thought of personal gain. In 
every way—morally, spiritually, socially, and intellectually—he was a 
most lovable and admirable character. His whole life was a benediction 
to his fellow men. His, loyalty to friends and assistants was shown by 
his interest and satisfaction in providing employment for his temporary 
assistants and giving them a place on his published list of scientific 
and clerical personnel. 

Dr. Smith’s intellectual honesty and love of truth is shown by the 
incident related below, on the authority of Dr. Roland M. Harper, who 
had it from Dr. Smith direct. Soon after his father-in-law became 
Chancellor of Vanderbilt University, Dr. Smith was invited to take the 
chair of chemistry there. Negotiations were proceeding satisfactorily 
when a bishop who was guiding the destinies of the institution asked 
Dr. Smith if he believed in evolution. He promptly replied in the 
affirmative, and that ended the negotiations. He would not surrender 
his freedom of thought or hide his scientific convictions and beliefs in 
order to gain a position. 

Dr. Smith was scrupulously honest in all dealings and meticulously 
accurate in keeping his accounts of expenditures of State moneys en- 
trusted to his disbursement. He paid all accounts directly. I recall 
an instance of his exactitude. I had made an error of two cents excess, 
I believe, in footing an expense voucher. The error was detected by him 
after payment of the voucher, for he always examined and checked all 
such accounts accurately. He did not rest until the error was rectified, 
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for it had become a part of his very self to keep his records straight 
and his accounts balanced to the last cent. 

That he was liberal minded and of true scientific temperament is 
shown by his attitude toward my work in the State. While jealous for 
the scientific credit of the Alabama Survey and a vigorous defender of 
its published results, yet he was uniformly courteous and temperate in 
presenting his views and pleading his cause. On my first acquaintance 
with him, at the beginning of my work in Alabama, in 1904, he said 
to me not to hesitate to make any changes in stratigraphical divisions, 
arrangement, and classification that I found necessary, however much 
it might differ from that previously adopted and published by the State 
Survey. And while I found many changes necessary to bring the stratig- 
raphy into line with our best knowledge of Appalachian stratigraphy 
as a whole, as well as to secure consistency within the State, and while 
many of these changes seemed unnecessary to him, as he could not go 
over the ground with me and see things from my viewpoint, and while 
his pride was touched, yet in all his discussion of such matters he was 
most courteous. He finally consented to such changes, only pleading 
that the relation of the new treatment to the old should be clearly 
expressed. Notwithstanding all differences in these matters, our rela- 
tions during the twenty-three years that I was more or less associated 
with him in connection with work in Alabama were always most friendly 
and cordial. 

Not only was Dr. Smith an enthusiastic and eminent geologist, but 
he took great interest as well in botany, zoology, and soils. This is 
shown by frequent references to these subjects scattered through his 
geologic field-notes. In the early years of his geologic field-work he 
made extensive collections of plants and discovered at least two species 
new to science, and he is quoted by Dr. Mohr, author of “The plant life 
of Alabama,” as authority for the localities of occurrence of more than 
200 species of plants. His notes record frequent observations on the 
relation between rocks, soils, and vegetation. 

Dr. Smith was a lover of books, also, and had collected a large library 
in addition to the scientific and technical books pertaining to his pro- 
fession. Dickens and Dumas are said to have been his favorite novelists. 
He read the first over and over and never could get enough of the sec- 
ond. He took great interest in African travel and had many books on 
that subject. 

Dr. Smith was blessed with a quaint and sly humor that occasionally 
finds expression in his notes. A few examples will be appropriate. 
Thus, in his notes for September 15, 1873, there is the following: 
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“Indeed, men who own such property have been told by miners and others 
from Ducktown that the indications are the same here as at that famous 
locality, and talking does very little good to a man who is determined to be 
the owner of a valuable copper mine.” 


This from notes for September 16, 1873: 


“On the side of the ridge where Mr. F. has sunk his shaft there are several 
very curious depressions, evidently the work of human hands, and these 
places have been looked upon as mines worked by the aboriginal inhabitants 
of America; and, with no other ground for his search than this, Mr. F. has 
spent all his money in looking for, he has not the slightest idea what, but, 
in his own language, for whatever the others who made the mines dug for.” 


Notes for October 14, 1874: 

“Stopped with Parson Guthrie, the father of 20 children, most of whom 
were at home. I have seen bedlam on a small scale, but never on a large 
one before.” 


Notes for September 9, 1875: 


“Rode out to Squire Bushbee’s. This gentlemen had gotten some limonite 
out of the greenish shales in front of his house and smelted a mixture of 
silver, lead, ete., out of it. (?) As the shales contain nothing but small 
quantities of iron, this performance must be ranked with the exploits of the 
practitioners with the mineral rod.” 


And finally, from notes for October 15-20, 1875: 

“At Arbacoochee we put up with the Douthards. Old Uncle Billy was very 
tight and was somewhat annoying on account of his persistent talking the 
same thing over and over.” 

Dr. Smith’s gentle and peaceable disposition is shown by the following 
notes. He would never go into enemy territory to witness a football game, 
saying, “There is trouble enough at home without going away to hunt for 
it.” It is said that on one occasion he was following at some distance 
behind a companion on a tramp and a rattlesnake crossed the path be- 
tween them, but he did not kill the snake. It is also related of him that 
his wife once prevailed on him to carry a revolver on a field trip. He 
deposited it in the bottom of his buggy seat and never looked at it the 
entire season. Speaking of it afterwards, he laughingly wondered what 
good that thing would have done him had he been attacked. 

As State Geologist, Dr. Smith started out to survey personally the 
entire State and describe its geology. His plan was to begin with the 
oldest rocks of the crystalline area and work upward to the top. This 
plan is outlined in the first paragraph of the preface to his annual report 
for 1874, which reads as follows: 


“In studying the geology of the State, I have thought best to take 
up successively, beginning with the oldest, the “geological formations rep- 
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resented; to examine each in as much detail as possible, and to proceed in 
this manner until the geological relations of the entire State had been thor- 
oughly explored.” 


This plan seems to have been followed for a number of years, Dr. 
Smith devoting his three months’ vacation each year to field-work, for 
the expense of which he had $500 annually. Reports of progress were 
issued for each year, and by 1878 the work had so far progressed that 
he issued a special report, entitled “Outline of the geology of Alabama,” 
published as a chapter in Berney’s Handbook of Alabama, number 6 of 
the bibliography attached to this memorial. By 1880 Dr. Smith had 
apparently turned his attention mainly to the Coastal Plain, and his geo- 
logic interest seems to have centered in that part of the State the rest 
of his life. As shown in his report for the period 1884-1888, the work 
in the Paleozoic areas, including the coal fields and mineral deposits 
of other Paleozoic formations, had been turned over to various assistants. 

It is interesting to note in the report for 1884-1888 a statement of Dr. 
Smith’s sound conception of the scope of work appropriate to be under- 
taken by a geological survey. He says: 

“It would be manifestly impossible for a geological survey, unless it had 
command of unlimited means and time, to examine a whole State with that 
degree of minuteness which would enable it to describe and map with ac- 
curacy, and to estimate the money value of all the ores, coals, minerals, and 
soils upon every square acre of the territory. 

“As a rule, a geological survey undertakes a much less costly work. It 
outlines the geological formations with as much accuracy as possible, notes 
those in which ores occur, gives descriptions of some typical occurrences, 
and then every man exploits his own land.” 


It seems that the geological activities of Dr. Smith subsequent to 1883 
were largely confined to the Coastal Plain work, which culminated in 
the publication, in 1887, of Bulletin Number 43 of the U. S. Geological 
Survey and the “Report on the geology of the Coastal Plain of Ala- 
bama,” published by the Alabama Survey in 1895, the larger part of 
which was written by Dr. Smith himself. The next large work executed 
by Dr. Smith seems to be the reports on the underground waters of the 
State, published in 1907. 

Thus he had carried out in a broad way, probably more detailed how- 
ever, as respects the Coastal Plain geology, his original plan of personally 
examining the geological features and mineral deposits of the State. 
He had thus acquired the personal familiarity with the various mineral 
deposits and their geological relations that equipped him so well to act 
as a guide and adviser in regard to the value of the mineral deposits 
of the State, or supposed deposits, te which he gave a large part, or 
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perhaps most, of his time for the last thirty years of his administration 
of the Survey. 

As already intimated, the first seven years of work as State Geologist 
was mainly devoted to the crystalline, metamorphic, and Paleozoic areas 
of the State. By 1875‘he had gained a broad knowledge of the Paleo- 
zoic succession, which was somewhat improved in later years. His 
classification followed that of Logan, Hall, and Safford, and he never 
progressed beyond these broad conceptions of the Paleozoic systems, 
although his later work on the stratigraphy of the Coastal Plain shows 
clearly his abilities as a stratigrapher. His attention having been given 
so nearly entirely to the Coastal Plains subsequent to 1880, he had failed 
to keep abreast of developments in Paleozoic geology, and in his later 
years he could not adjust himself to the more recently acquired know]l- 
edge of the great variations in the stratigraphic succession within near- 
by areas of the State, and to the consequent changes of classification 
and nomenclature demanded by the facts. Indeed, without detailed 
field tracing of the stratigraphic units over extended areas and a first- 
hand knowledge of Paleozoic fossils, so difficult to acquire, no one could 
fully comprehend the variations and complexity of the Paleozoic stratig- 
raphy of the Appalachians or realize the inadequacy and inaccuracy of 
broadly generalized classification and correlations of 1875 and the neces- 
sity of a thorough revision, such as was introduced in the Paleozoic 
chapter in the Geology of Alabama, Special Report Number 14. In re- 
gard to the Coastal Plain, the case was quite different. In general the 
problems were much simpler than in the Paleozoic areas. The fossils, 
if not more abundant, are more easily collected, better preserved, and more 
easily identified; also, Dr. Smith, having worked on the Coastal Plain 
more thoroughly and more recently, was better acquainted with its prob- 
lems. The Coastal Plain work was begun in 1880, in connection with a 
report to the Tenth Census, and was carried forward apparently at least 
to about 1894, when the final report on the Geology of the Coastal Plain, 
(number 54 of the appended bibliography), was finished. In his report 
the classification of the Mesozoic and Cenozoic rocks up to the Jackson- 
Ocola was substantially that of the present, but the treatment of the 
succeeding Oligocene, Miocene, and Pliocene rocks has undergone com- 
plete revision by Matson, Cooke, and others. Owing, doubtless, to his 
greater familiarity with the Coastal Plain stratigraphy, Dr. Smith 
seemed more agreeable to these changes from the Alabama treatment of 
these higher Tertiary rocks than to those made in the classification and 
nomenclature of the Paleozoic rocks. 

Perhaps Dr. Smith’s most original contribution to general geology 
is his paper on “Underthrust folds and faults’ (number 49 of the 
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bibliography). His ideas on this subject were suggested by the Mur- 
phrees Valley and McAshan Mountain faults, in which the usual con- 
ditions of Appalachian faulting are reversed, the upthrown side being 
on the west, giving the appearance of an underthrust from the east, con- 
trary to the all but universal rule of upthrow on the east, with strong 
overthrust from that direction. 

Dr. Smith expressed himself in very lucid and agreeable English. 
He is particularly happy in his presentation and exposition of geologic 
history and processes and of general stratigraphy, as exemplified in the 
geology of the State. His contributions along this line to several of 
the geological reports of the State Survey are gems of geological writ- 
ing. Doubtless he had acquired this facility through his experience as 
a teacher. 

In addition to his official reports, Dr. Smith contributed a good num- 
ber of papers to various scientific journals, beginning with a description 
of the iron ores of Alabama, published in the Proceedings of the Ameri- 
can Association for the Advancement of Science for 1879. The list 
of his publications amounts to 116 titles (see bibliography). Besides 
these published papers, there was a voluminous correspondence in reply 
to requests from residents of the State and others for information re- 
garding minerals and mineral deposits. Replies to these requests, no 
matter how unimportant, were always prepared with painstaking care. 

Dr. Smith was always alive to the importance of the mineral resources 
of the State, to which he gave appropriate attention in his own reports 
and the most important of which were described in special reports pre- 
pared by his regular assistants or by experts especially employed for 
the purpose. Of his published reports, over 30 per cent were purely 
economic and many of the others were in part devoted to the descrip- 
tion of mineral deposits. His term of office began about the time that 
the extent and value of the iron ore and coal deposits of the State began 
to be realized and appreciated and he was intimately connected with the 
establishment of the mineral industries of the State from the beginning. 

His last important work was formulating plans for the continuance 
of economic work by his successor, especially for the revision of and 
republication of the reports upon coal and iron. He was also active 
in his last days in securing greatly increased appropriations for the geo- 
logical survey, from which of course he well knew he would derive no 
personal advantage. 

Besides being State Geologist, Dr. Smith filled the chair of geology 
in the University of Alabama until 1913, when he was retired as pro- 
fessor emeritus, and subsequently devoted all of his time to the work 
of the geological survey. In the early days of his professorship in the 
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university, from 1871 to 1890, in addition to teaching geology and 
mineralogy, he also taught for various periods chemistry and natural 
history. After 1890 he was professor of geology and mineralogy. 

Besides these offices of the State and university, Dr. Smith from 
time to time held various honorary positions and was a member of sev- 
eral scientific societies. He was Honorary Commissioner for Alabama 
at the Paris Exposition in 1878; Special Agent on Cotton Culture in 
Alabama and Florida for the Tenth Census; Commissioner to Select 
Public Lands Donated to the University of Alabama by the Congress 
of 1884; member of the American Committee of the International Geo- 
logical Congress in 1884-1889; member of the Council of the Geological 
Society of America, 1892-1895; member of the Jury of Awards of the 
Atlanta Exposition, 1895; of the Nashville Exposition, 1897, and of 
the Louisiana Purchase Exposition, in 1904; Vice-President of Section 
E of the American Association for the Advancement of Science in 1904; 
delegate to the International Mining Congress in 1901; Second Vice- 
President of the Geological Society of America in 1906 and President 
in 1913; member of the Alabama State Highway Commission from its 
establishment to 1923, and was elected a life member of the American 
Institute of Mining Engineers in 1925. 

This brief memorial may be appropriately brought to a close by the 
following words from President Denny of the University: 


“In the death of Dr. Smith the faculty of the university has lost its most 
distinguished member and Alabama its most celebrated and most useful 
scientist. . . . No other man in all our history has had a record of longer 
or more disinterested service to the university or to the State, and no other 
man in all the history of the university has been more beloved. He was 
not merely a great geologist—he was a great man. To the alumni of the 
university he exemplified the best ideals and traditions of the institution. 
““T feel deeply the loss of Dr. Smith. He was a fine, brave, sweet spirit 
of chivalrous impulses and possessed a keen sense of honor. We shall miss 
the benediction of his presence in the laboratory, on the campus, and on the 
athletic field. We mourn his loss. We shall remember him in gratitude.” 
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MEMORIAL OF FRANK SPRINGER 


BY CHARLES SCHUCHERT 


FRANK SPRINGER, THE MANn 


Eminence in their chosen profession comes, after all, to but few men; 
and to still fewer is it given to reach the heights along two lines of un- 
related endeavor. Nevertheless, the latter group includes within its 
restricted limits the name of Frank Springer, whose knowledge of law 
brought him a reputation that spread beyond the borders of his own 
State to the nation’s capital, and even to courts beyond the sea, and 
whose knowledge of fossil crinoids made him one of the world’s few 
masters of this very difficult branch of invertebrate morphology. And, 
as if this were not enough, he found time to fight the good fight for edu- 
cation, for art, and for research in his adopted State of New Mexico, 





1 Manuscript received by the Secretary of the Society December 29, 1927. 
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to administer successfully a variety of business enterprises, and to guide 
the destinies of a large family of children, in whom his pride and de- 
light were always manifest. 

Frank Springer was born at Wapello, lowa, on June 17, 1848, the 
son of Nancy Coleman and of Judge Francis Springer, who presided 
over the constitutional convention of Iowa in 1857, and whose portrait, 
together with that of his distinguished son, hangs in the Historical Gal- 
lery at Des Moines, a Hall of Fame for lowa’s most renowned citizens. 

Springer was about six feet in height, erect, with a strong torso, and 
in general well proportioned, weighing some 165 pounds. He had a 
dark complexion, blue eyes, and a firm mouth, the latter somewhat ob- 
scured by a prominent mustache, which in the early days he wore in the 
conspicuous flowing style of the Southwest. To the writer, his face was 
a difficult one to read, since it did not at all portray the man of science, 
nor even the lawyer, but rather the man of affairs; some of his friends 
termed it “a poker face.” Always the courteous gentleman, with “a tre- 
mendous capacity for work,” he was above all modest, a very reticent 
man, who rarely spoke of himself; and yet, in New Mexico Frank 
Springer was an empire builder, and in paleontology a producer of great 
classics. 

“In solitude he played his flute and thought, 
Till finally this miracle was wrought, 

The ordered working of his cultured brain 
Gave power to his gaze, and through the train 
Of wons of dead years his piercing eye 

Sought out earth's secrets where they underlie 
The cold-faced rocks. Then slowly, page by page, 
He read through Nature’s book, and age by age 
He found a story there. Today the world - 

Is deeply in his debt, for he revealed 

To man the mystery the earth concealed.” 


FRANK SPRINGER, CITIZEN 


Born in a small town thirty miles to the north of Burlington, Springer 
was educated first in the local public schools, and then at the State 
University, where he received the bachelor’s degree in 1867. Following 
graduation, he entered the law office of Hon. Henry Strong, of Burling- 
ton, and was admitted to the Iowa bar in 1869. Shortly afterward he 
was given the important official position of prosecuting attorney for the 
Burlington district, and figured prominently in at least two important 
criminal trials. 

As his father had been conspicuous in bringing Iowa into statehood, 
and as the son was interested in the Santa Fé Railway system, which was 
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then slowly working its way across Kansas and aiming for the South- 
west and the Pacific, the younger Springer determined to go to the 
thinly settled territory of New Mexico and “grow up with the country.” 
At this time almost all of his worldly possessions traveled in a “carpet 
bag.” He left Burlington in 1873 and settled in the northern part of 
the Territory, at Cimarron, which at that time seemed likely to be a 
conspicuous railway center. Here he at once started a newspaper, and 
here, in October, 1876, he married Josephine M. Bishop, who survives 
him, together with four daughters and two sons (one son died in 
1920). Unfortunately for his plans, however, thé financial panic of 
1873, brought about by the failure of the investing firm of Jay Gould 
and Company, who were financing the Santa Fé, destroyed all hope of 
railway extension for the next five years. From Cimarron Springer 
moved south to Las Vegas in 1883, and this town he regarded as his 
residence until his death, though later on he spent much time about 
Santa Fé, and still more recently at Washington, D. (. 

Concerning Springer’s rise in New Mexico, we have an excellent. ac- 
count from his old colleague in law, Col. Ralph E. Twitchell. When 
the Santa Fé system finally came into the territory (1878) Springer was 
at once retained as counsel to look after the right of way. 

“Within two years. after his coming, Mr. Springer . . . was recognized 
as one of the leading lawyers . . . and during all the years of his active 
career at the bar, either as trial lawyer or as counsel, he was consulted in 
every case of any consequence which was heard in the courts of New 
Mexico. . . « 

“In 1890 he was elected president of the New Mexico Bar Association, in 

which capacity he delivered an address dealing entirely with the urgent 
necessity for the immediate settlement by the Congress of the United States, 
through a proper tribunal, of titles under Spanish and Mexican land grants. 
The bill, which finally became a law, was drafted principally by him. 
The subject matter of the address produced a profound impression at Wash- 
ington, with the President of the United States and members of Congress 
alike. A direct result was the passage of the act establishing the Court of 
Private Land Claims.” 


Springer’s leadership in New Mexico became an accepted fact when 
he won before the Supreme Court the celebrated case of the Maxwell 
Land Grant. He fought this case in the courts of the United States for 
about thirty years, and finally won title to the property before the Su- 
preme Court, at Washington, against such eminent counsel as Gen. 
Benjamin F. Butler, Hon. John G. Carlisle, and Judge Broadhead. 
Springer’s brilliant argument and forceful presentation of the case won 
for him the public and personal praise of Justice Samuel F. Miller. 

Soon after coming to New Mexico, in 1873, Springer had become the 
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attorney (and in 1891 the president) of the Maxwell Land Grant Com- 
pany of New Mexico and Colorado, which originally held a grant of 
1,714,764 acres of land from the Mexican Government, and he had made 
himself familiar, as was no other person, with all the details of this 


immense grant. 


“The real question at that time was the one which a few years before had 
been dominant in California—the question of the squatter and the Don, or 
the Don's descendants and grantees. Few there were who understood or 
comprehended the policy of the Mexican Government in making these grants; 
a protective policy, brought about largely owing to the experience which 
that Republic had passed through in the case of Texas, and the settlement on 
Mexican soil of Americans from Tennessee, Mississippi, and Louisiana, the 
final divorcement of the province from the Mexican Republic and its final 
entrance into the American Union. As a policy of protection, the Mexican 
Government gave great grants of land on its northern frontier, which was the 
Arkansas, to Mexican citizens . . . empires in area and extent, granted 
to Mexican citizens for the purpose of establishing upon the American fron- 
tier a zone of Mexican influence which would resist the advance of the 
American, brought about through the commerce of the prairies and the 
establishment of the Santa Fé trail. Springer sustained the original land 
grant contentions in our court of last resort, and the decision of the court 
in his favor not only revealed him as the leader of the bar in New Mexico, 
but gave him an international reputation. . . . Tne information which 
he obtained in the preparation of the case, the knowledge that was his, 
and exclusively his, relative to questions arising under the treaty of Guada- 
lupe Hidalgo in the matter of Spanish land grants and their relationship to 
American occupation, was so comprehensive that when it came to the enact- 
ment of a law by the American Congress whereby all of these titles, in so far 
as any claim made by the Government of the United States was concerned, 
could be settled, his influence as a lawyer and citizen of New Mexico before 
the Senate and Congress of the United States was so pronounced that he was 
in a position to render the people of the Southwest a great service. His 
testimony and his arguments before the various Congressional and Senate 
committees had more to do with the passage of the act providing for the 
establishment of the Court of Private Land Claims than of all other New 
Mexicans combined.” 


It turned out that in the Maxwell Land Grant there was an abun- 
dance of good coking coal—the Raton field—and Springer called in one 
of his old friends of the Iowa Geological Survey, Orestes St. John, to 
determine the extent of the deposits. The next thing was to get money 
for a railway to bring this coal into the market of the West. He there- 
fore took a prominent part in the organization of the Saint Louis, Rocky 
Mountain, and Pacific Company, which is now the most important fuel- 
producing company of the West, having “the largest tonnage of coking 
coal under single ownership in the United States” and operating a rail- 


way 150 miles long. 
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Next, with the aid of his brother Charles, he built the Eagle Nest 
Dam on the Rio Cimarron, which was the largest private undertaking 
of the kind ever accomplished in New Mexico, making “the desert bloom 
over thousands of acres” and adding “one of the most important agri- 
cultural areas of the State.” 

Twice a member of the Legislative Council of New Mexico, in the 
Senate of 1880 and 1901, he was also a member of the Constitutional 
Convention of 1889, where he made a fearless fight for the cause of 
public education in the State. He could not be persuaded, however, to 
hold other public office. 

In June, 1870, at the second meeting of the Alumni Association of 
the University of Iowa, Springer gave “one of the most remarkable 
speeches ever heard in Iowa. Remarkable for the reason that it sounded 
the slogan, and raised the standard of advanced thought, and marked 
out the path which opinion will take when the alumni of our free western 
universities form a considerable part of the educated community” (Hon. 
John P. Irish, in the lowa State Press). The ideals thus voiced by him 
at the early age of twenty-two he carried with him to the Southwest 
and throughout his career. Edgar L. Hewett, president of the State 
Normal University of New Mexico, of whose Board of Regents Springer 
was president for five years, says of him: 

“He had absolute faith in the vision of youth. He believed in you, trusted 
you implicitly ; you simply had to make good.” His home was a “sacred pre- 
cinct,” and he was always solicitous for the welfare of every son and daugh- 
ter. “The things in which he has taken the deepest interest—science, art, 
music, education, public welfare, the good name of his State, the destiny of our 
country, which he has always staunchly held must be achieved on the lines 
laid down by the founders of our great Republic—make for nobility.” 


In the spring of 1906 Springer developed organic heart trouble. The 
summer of this year he spent at Burlington working on his loved 
crinoids, and in September, 1908, he informed the writer that his health, 
which had been “in a somewhat precarious condition,” was again 
restored. 


“If I can keep out of the strain of business, as I hope to [he goes on to say], 
I am good for many years yet. The quiet life among my books and fossils 
at Burlington is just what I need. I often recall the words of L. Agassiz 
when I told him many years ago [1872] that I thought I should have to give 
up science, because a man can not serve two masters. Agassiz said, ‘Don’t do 
it; hold to it if you do but little, for it will be a resource to you in after 
years, the value of which you little dream of now.’ ” 


What a solace and life-prolonger these crinoids have been to him is 
apparent from the’fact that they continued to hold and fascinate him 
for twenty-one years longer. 
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At Santa Fé, on August 23, 1923, he was again prostrated with heart 
trouble, and this time severely. Under date of November 11 he wrote 
me: “It pretty nearly took me across the Styx.” He was confined to 
his bed for seven months, and in April of the next year writes that he 
is walking about a little and working a few hours each day, either at 
his desk or in bed on his crinoids, and especially on the paper entitled 
“Unusual forms of fossil crinoids,” “which helped amazingly to pass 
the time.” In this way he worked on until September, 1924, when he 
went to the home of his daughter, Ada, at Overbrook, near Philadelphia, 
to be under the medical guidance of her husband, Dr. Warren B. Davis. 
As late as February, 1927, he wrote me: “I am holding my own quite 
well, though still interned, having enough of business and science to 
keep me busy, which is a great blessing.” While thus interned at Phila- 
delphia, he completed and saw through the press his last monumental 
volume, the quarto on “American Silurian Crinoids.” There, on Sep- 
tember 22, “ripe in years and honors, he sank into eternal sleep, his 
entire family about him.” 

On the evening of September 8, 1922, his friends in New Mexico 
wished to thank Springer publicly for his many kindnesses and gifts, 
and gathered in the Saint Francis auditorium at Santa Fé “to do honor 
to the man who had wrought so much for them and their Common- 
wealth.” It was “an unforgettable occasion,” and a bronze bust of 
Springer was presented to the State and is now in the Art Museum at 
Santa Fé, where it stands “as a tribute to him in this temple of art 
which he helped so much to create and enrich with his broad spirit and 
wise counsel.” A full account of this memorial evening is given in the 
volume on “American Silurian Crinoids.” 

After the death of Springer his New Mexican friends again gathered 
in the State Museum to do him honor, on the Sunday afternoon of Oc- 
tober 9, 1927, the president of the Board of Regents of the Museum, 
Judge John R. MeFie, presiding. The eulogists were Judge A. J. Ab- 
bott, a classmae of Springer at Iowa University: Captain W. C. Reid, a 
former law colleague at Las Vegas: and Federal Judge O. L. Phillips. 
The last named pointed out that Springer stood for the highest type of 
Americanism, living an unselfish life of devotion to the people about him, 
and his bosom friend, Doctor Hewett, referred to him as always “a pillar 
of strength and a beacon of idealism.” 

Springer’s religion is best seen in the funeral oration he gave for his 
colleague in paleontology, Charles Wachsmuth, on February 9, 1896, at 
the special request of his old friend. Among other things he said: 

“And many a time hereafter, when the tender hand of Time has healed the 
wounds that bleed today, among friends and amid scenes where we know he 
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loved to be, sweet memory will bring him back. In this sense it is, my friends. 
that we may keep him with us yet. . . . What the future was to be he 
knew not. He knew that there is a boundary beyond which the human 
understanding does not pass; that there are infinities of the unknowable 
of time and space, and force, in whose contemplation human thought is 
simply swallowed up and lost; that life, death, and immortality are mysteries 
which belong to these, and about which all the researches of science, the 
speculations of philosophy, and the prayers and the longings of men since 
primeval man first saw the smile of his gods in the sunshine, and in the storm 
their wrath, have taught us nothing more than to say, we do not know. 

It was written upon the pavement of the temple of Isis: ‘I am all that has 
been, that is, and that shall be; and none among mortals has yet lifted my 
veil. . . . And let us therefore believe that when death comes to summon 
us, old Mother Nature lifts for us the veil, and with gentle benediction gives 
us peace and rest.” 


FRANK SPRINGER, PALEONTOLOGIST 


It was while a student at the lowa State University that Springer 
became interested in science, under the influence of Prof. Gustavus 
Hinrichs. This interest was quickened into action after hearing a lec- 
ture by Louis Agassiz and participating in a field excursion led by that 
great master of zoology and fascinating teacher, who was then on a lec- 
turing tour in the West. Keyes (1896) tells us that in 1866 
“the headquarters of the State Geological Survey, under Dr. C. A. White, 
was established at the university, and the Survey collections were brought 
there for study. Due to the kindness of Dr. White and his accomplished 
assistant, Orestes St. John, Mr. Springer was given access to the collections 
and the scientific library, and became a student of geology and paleontology 
outside of his regular university course.” 


During the summer Springer was left in charge of the State Geolo- 
gist’s rooms and collections, and he passed most of his time studying 
there by himself and collecting the Devonian fossils of the neighborhood. 
In this way he continued his geologic and paleontologic studies until 
his graduation, in 1867. 

As Burlington is probably the most famous locality in all the world 
for fossil crinoids, Keyes goes on to say, it was to be expected that 
Springer would become an ardent collector of these rare things when he 
took up his law studies in that city. Here he soon met Charles Wachs- 
muth, who had long been working with crinoids, and from collecting 
together they began to study together, and thus laid the foundation for 
the collaboration that has since resulted in our greatest series of mono- 
graphs and papers treating of this group of organisms. In the winter 
of 1872 Springer visited Agassiz and Harvard, and it was chiefly owing 
to the personal encouragement received from Agassiz at this time that 
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he was led to keep up his paleontological studies after leaving Burlington 
and pursuing law and business in New Mexico. While Wachsmuth 
lived, Springer returned each summer to spend his vacation at Burling- 
ton with his colleague and intimate friend, and they consolidated their 
collections and libraries. The Wachsmuth-Springer Collection of fossil 
crinoids thus began to form in 1874 through the joint efforts of these 
two men, the previous collection of Wachsmuth having been sold in that 
year to Louis Agassiz. Now the Springer Collection, the outgrowth 
of this earlier one, has around 100,000 specimens, derived from all parts 
of the world, and is believed to have cost its maker not less than $200,- 
000 to gather, clean, and illustrate. 

Springer gave this grand collection to the people of America in 1908, 
and it has been housed in the United States National Museum since 
1911. As the writer was deeply interested in this great gift, he may be 
permitted to tell how it came about. His correspondence with Springer 
began in 1896 and had to do with the loan of fossil starfishes. Two years 
later, on March 7, 1898, he was in Burlington in the interests of the 
United States National Museum and called on Mrs. Wachsmuth, who 
kindly showed him the “fireproof museum” back of her house, something 
of the great collection itself, and her husband’s working quarters, where 
his table and the things he last used were kept just as he left them. In 
answer to a question as to what was to become of the collection, she 
said that it would pass into Springer’s possession, and that he would 
eventually present it to one of the three or four leading centers of Amer- 
ican paleontology. 

In November, 1905, came a note from Springer, then just back from 
Europe, saying that he would spend the day of the sixteenth in the 
Peabody Museum at Yale. The meeting was arranged, and a happy day 
it was for both of us. He found much to interest him in our crinoids, 
and quite a number of specimens that he wanted, especially among the 
Flexibilia. An exchange was arranged, and a very bountiful return 
later came to Yale. But it soon became evident that Springer was much 
more interested in what should become of his great collection, and so to- 
gether we sounded out the possibilities. As he wanted to present all of 
it to some institution that could house it properly and husband it through 
all time, it was apparent that no university could meet his wishes. Just 
at that time the United States National Museum was completing its very - 
large new building, which was to be the most fireproof museum in Amer- 
ica, and the writer suggested that this institution alone could furnish 
the conditions that he wanted. Getting back to Santa Fé, he wrote me: 
“My little visit with you was an event to which I look back with the’ 
utmost pleasure.” He evidently thought about this idea for the next 
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three years, for on October 4, 1908, he wrote me that his collection was 
going to the National Museum. In the summer of 1911 all the fossils, 
together with his large scientific library, were shipped from Burlington 
to Washington. The shipment consisted of 269 boxes and crates weigh- 
ing 24,500 pounds, and the transfer was made “in a fine steel express car 
having springs like those of a Pullman, and the loading and unloading 
was under our direction.” Later on he says: “A selection of the speci- 
mens especially adapted for exhibition was installed in the Hall of 
Invertebrate Paleontology ; the remainder, contained in about one thou- 
sand of the usual Museum trays, is deposited in the research rooms 
assigned to it.” In the Annual Report of the Museum for 1913, we read 
that it is “by far the most important accession of the year and one of the 
most noteworthy ever received by the Department of Geology.” It is 
full of types and studied specimens and is undoubtedly the most valuable 
cerinoid collection anywhere in the world. At the same time Springer 
gave $30,000 to the Museum, the income of which is to be used in the 
upkeep of the collection, and the latter, with the complete library, is open 
for study to “investigators of recognized standing in any branch of the 
Echinoderms, and in accordance with the regulations of the National 
Museum.” 

Previous to 1911 Springer was known personally to but few paleon- 
tologists, and still fewer geologists; even though he had been a Fellow 
of the Geological Society since that year, the records do not show that 
he ever attended any of its meetings. The one American geologist who 
can claim to have known him longest and best is probably Charles R. 
Keyes, whose acquaintance with him began at the time of his joint 
labors with Wachsmuth. Keyes, while a student at the University of 
fowa, became a draftsman for these two crinoid workers, and has kept 
up personal relations with Springer ever since; as a consequence, his me- 
morials of both Wachsmuth and Springer have been very helpful in 
preparing the present sketch. Springer, in taking up residence in Wash- 
ington in 1912, came for the first time under the daily influence of stra- 
tigraphers and paleontologists, and chiefly of E. O. Ulrich and R. S. 
Bassler. This influence soon made itself felt in his work, and we see him 
using crinoids as guide fossils in stratigraphy and noting their wider 
faunal relationships as well. Before this, as Keyes says, he “worked 
with his fossils as he would with his law data.” Springer was, however, 
above all a fine systematist and morphologist—a type of worker that has 
now almost gone out of fashion—and it is along these lines in paleon- 
tology that he is seen at his best. 

Exclusive of about forty papers, addresses, etcetera, on nonscientific 
subjects, Springer is the author, singly or with Wachsmuth, of some 
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fifty-eight papers and books on crinoids. The eleven royal quarto vol- 
umes and the many papers give “some indication of the tireless industry 
with which he toiled” (Keyes). While Wachsmuth was alive he did 
most of the writing, but this was made possible by Springer’s getting 
together more material and helping each summer in the descriptive 
work. During these years and in this joint fashion the results were 
abundant. Wachsmuth died in February, 1896; but, even though 
Springer became steadily more engrossed in law and business, he con- 
tinued to publish on crinoids. After 1910, however, when he retired 
from his law practice, his published scientific results naturally increased. 

This is not the place to go into an extended analysis of Springer’s work 
on the crinoids, nor is the present writer the one to undertake such a 
task, since he is not a specialist in the group. It is in order, however, 
to mention some of the more essential things about this work. 

Wachsmuth and Springer’s first great work—and truly it is a most 
monumental one—is entitled “Revision of the Paleocrinoidea,” an octavo 
volume with over 725 pages, published during the years 1880-1886. 
After studying all of the known Paleozoic forms, this work recognizes 
as in more or less good standing 156 genera having 1,276 species or 
varieties. It is the source book upon. which all subsequent systematic 
studies of the crinoids have been built. 

Next, these two indefatigable workers proposed to monograph all of 
the Paleozoic crinoids known to them in the literature or in specimens, 
and this plan they carried out for the Camerata and Flexibilia, but in 
1923, attacked for the second time by heart troubles, Springer was “com- 
pelled to relinquish” the Inadunata, the order containing the more primi- 
tive forms, which would have led up to a final classification of all 
crinoids. However, what is published will always remain among the 
great classics on crinoid morphology. 

Among the royal quartos the three-volume “Monograph of the North 
American Crinoidea Camerata,” 1897, by Wachsmuth and Springer; 
“The Crinoidea Flexibilia,” 1920, in two volumes, by Springer; and 
“American Silurian Crinoids,” 1926, also by Springer, will ever remain 
vast storehouses of valuable information. They are among the most ~ 
magnificent of monographs on invertebrate paleontology published in 


this country. 

The “Crinoidea Camerata”. treats of 683 forms, of which 464 are 
American and 219 European. Of these three volumes, F. A. Bather, 
crinoid specialist of Great Britain, gave an extended critique in Natural 
Science, volume 12, 1898, pages 337-345, and followed this by a very 
comprehensive series of papers, totaling fifty-seven pages, in the Geolog- 
teal Magazine for 1898-1899. He says: 
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“So full is it of matter and suggestion, that one might spend years in its 
study . . . the largest book that has ever been issued all at one time on 
a crinoid subject. It represents a portion of the final results of over thirty 
years’ work by the late Charles Wachsmuth, in collaboration for the last 
twenty years with Frank Springer. These authors have long been recog- 
nized as the leading authorities on Paleozoic crinoids, a position won chiefly 
by their most valuable ‘Revision of the Paleocrinoidea.’ Their aim [Bather 
goes on to say] was to sift, summarize, and correct the work of their prede- 
cessors, and to throw what light they could upon the structure and classifi- 
eation of the Crinoidea.” 


“Crinoidea Flexibilia” treats of 176 species in 31 genera. They are 
“the rarest of all fossil erinoids,” and the order is a peculiar one, some 
of the forms having a superficial resemblance to the Camerata and others 
to the Inadunata. 

“American Silurian Crinoids” is Springer’s last work and it will stand 
as a fine memorial to him. It describes 198 forms in 63 genera, but 
not all are of the Silurian, nor are all the American forms included. 
Of the 63 genera, 33 are common to Europe and America, and some 
of the species are scarcely distinguishable from English and Swedish 
forms. As long ago as 1911, twenty-five of the plates for this monograph 
had already been made. Springer finally completed the work and saw 
it through the press while confined to his room and bed, and superin- 
tended also its distribution to his many correspondents. Through it all 
he realizes that it is his last work, and so the book is closed by the Smith- 
sonian editor with a sketch of Springer and the good things said of him 
by his New Mexican friends—lawyers, educators, and business men. “It 
will be my last work,” the author says, “and two years ago I had little 
expectation of being able to finish it.” 

The skeletal elements of a living crinoid are so intimately connected 
with the soft parts that the fossils can be depended upon to give the 
essentials of the entire animal, not only with regard to morphology and 
development, but with regard to genetic relationships as well. It is, 
however, well known that Wachsmuth more especially was contented to 
describe accurately and clearly the species of crinoids, determining the 
specific and generic synonyms, and arranging the forms into genera and 
families. For a long time they shunned the still higher evolutional 
groupings, because they had seen that the great majority of the genea- 
logical trees were destined for “the everlasting bonfire,” .and at first they 
were satisfied to group all crinoids inta Paleocrinoidea (Paleozoic forms) 
and Neocrinoidea (all later ones). 

Then before 1897 they discovered that the basis for ordinal classifi- 
cation depends on : “1, the condition of the arms—whether free above 
the radials or partly incorporated into the calyx; 2, the mode of union 
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between the plates of the calyx—whether movable or immovable; 3, the 
conditions of the stem—whether the young joints were formed beneath 
the proximal ring of the calyx, or beneath the top stem joint,” called 
by Bather the proximal. Accordingly, the simplest crinoids are their 
Inadunata, which gave rise to the Camerata and Articulata. Later on 
Springer displaced the last name by Zittel’s term Flexibilia, but re- 
defined Articulata as a fourth order, to embrace the Recent and most of 
the Mesozoic crinoids. 

Bather, with his great knowledge of all Echinoderma, and with the 
full recognition of Wachsmuth and Springer’s results, proposed in 1900 
(“Treatise on Zoology, Part III, The Echinoderma”) to arrange all the 
crinoids into an “epitome of descent.” His basis for classification is the 
number of plates in the basal ring (monocyclic or dicyclic), plus 
ontogeny and chronogenesis. His arrangement, then, is as follows: 


Subclass 1. Monocyclica. 
Order 1. Inadunata. 
Order 2. Adunata. 
Order 3. Camerata. 

Subclass 2. Dicyclica. 

Order Inadunata. 

Order 2. Flexibilia. 

Order 3. Camerata. 


Springer’s scientific work brought him much recognition, in addition 
to the honors paid him as a citizen. In science his first appointment 
came from Harvard, where in 1901 he was named associate in paleon- 
tology in the Museum of Comparative Zoology. The same title was 
given to him in 1914 in the United States National Museum. His great 
knowledge of crinoids has long been appreciated in England, and in 1906 
he was made a Foreign Correspondent of the Geological Society of 
London, an honor esteemed by Americans above all others of its kind. 
The honorary degree of doctor of science was given to him in 1921 by 
George Washington University, and that of doctor of philosophy in 1924 
by the German University of Bonn. 
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MEMORIAL OF CHARLES DOOLITTLE WALCOTT’ 


BY NELSON H. DARTON 


To the work of Doctor Walcott on early Paleozoic fossils and rocks for 
nearly 60 years is due much of our Knowledge of the fauna of Cam- 
brian times and of Cambrian stratigraphy in many parts of North 
America. In later years other observers have added greatly to the data, 
but most of the fundamental facts were ascertained by Doctor Walcott. 
His highly successful administration as Director of the United States 


Geological Survey from 1894 to 1907 carried that organization through 


a critical stage of its existence and development. His counsel led to the 
creation of the Carnegie Institution, of which he was for several years 
Secretary, inaugurating various lines of scientific investigations. He 
gave most important service to science as Secretary of the Smithsonian 
Institution from 1907 to 1927. He had much to do with the inception 
of the Reclamation Service, the Bureau of Mines, the Forest Service, 
and the National Parks and other conservation movements, and the 
National Advisory Committee on Aeronautics. In his connection with 
various scientific societies and in his other personal relations with many 


1 Manuscript received by the Secretary of the Society February 20, 1928. 
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associates, assistants, and friends he wielded a far-reaching influence 
in the advancement of geology and other sciences in the country. His 
administrative ability was manifested at an early period in his connec- 
tion with the Geological Survey, and thereafter was utilized continuously 
for eminent services of many kinds. He was vigorous in body, quick 
and sound in judgment, and always striving to advance high ideals. 
His frankness, kindness, and fine personal manners won friends in every 
station. Probably his most striking feature was his efficiency in every 
matter to which he gave attention. His scientific results have met with 
high appreciation throughout the world, and they will continue to be 
useful for geologic workers far into the future. 

While the great assignments to which he was called were very high 
honors to the man, yet they were opportune and advantageous to all of 
the organizations, which profited greatly by the administration of a 
scientist not only prominent and learned but effective, progressive, and 
admirable ; they were all discerning in selecting his leadership and fortu- 
nate in having his services. Major J. W. Powell and Dr. G. K. Gilbert 
were the guiding hands to the directorship of the Geological Survey, 
with the friendly acquiescence of President Grover Cleveland. Mr. 
Andrew Carnegie made his grant for the Carnegie Institution directly 
through Doctor Walcott and a small group of associates, doubtless after 
more or less recourse to advice from scientific friends, and the Board 
of Regents of the Smithsonian, which consists mostly of prominent 
public men without special technical knowledge, had the guidance of 
scientists who knew the status and capabilities of Doctor Walcott. The 
underlying considerations, of course, were utilitarian, and Doctor Wal- 
cott not only fully justified the highest expectations of efficiency and suit- 
ability, but he also produced great personal scientific results which 
were not required and might not have been expected under the heavy 
pressure of administration. 

Charles Doolittle Walcott was born March 31, 1850, in New York 
Mills, Oneida County, New York. He was a descendant of Captain 
Jonathan Walcott, of Salem, Massachusetts, who died in 1699. His 
grandfather, Benjamin Stuart Walcott, moved from Philadelphia in 
1822 to central New York, where he became a leading manufacturer 
and had many local educational and charitable interests. He founded 
a professorship at Hamilton College. His son, Charles Doolittle Wal- 
cott, who married Mary Lane, was a prominent business man, but died 
at the age of 34, leaving a wife and four children, of whom Charles 
Doolittle, Jr., was the youngest, at that time two and one-half years of 
age. 

The early education of this boy was in public schools of Utica and in 
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Utica Academy. After leaving the latter in 1868, at the age of eighteen, 
he worked for two years in a hardware store, where perhaps he gained 
some of the business acumen which was eventually so valuable to him. 
In his later years at school he became greatly interested in collecting 
fossils from the near-by strata of Ordovician age, and also birds’ eggs 
and insects, and at this time he developed the desire to study the strati- 
graphic relations of the fossil-bearing beds. As a boy he was greatly in- 
fluenced by Col. E. Jewett, geologist, paleontologist, and conchologist, 
who loaned him books and gave him many suggestions on natura! history 
methods. Dr. E. T. Cox, of Indiana, was also an early friend to whom 
he attributed an important stimulus in his work. When the time came 
for him to consider an occupation, he determined to continue his geo- 
logic studies. Accordingly he went to live on the farm of William P. 
Rust, near Trenton Falls, where part of his time was free for collecting. 
During the five years of this residence he gathered a fine collection of 
fossils, many from the Trenton limestone, which he sold in 1875 to 
Prof. Louis Agassiz. He was then far advanced in the study of the 
structure of trilobites, which he continued for many years, with scrutiny 
of all available material. Much of our knowledge of the anatomy of 
trilobites is due to his extended and painstaking labors, begun while he 
was a resident of western New York. 

In November, 1876, at the age of 26 years, he became assistant to 
James Hall, and for the next two and a half years he had opportunity to 
collect from and study the earlier Paleozoic rocks not only in New York, 
but in Canada and in Ohio and Indiana. When I was associated with 
Hall in 1893, he often spoke of Mr. Walcott with great admiration as to 
his capabilities. When the United States Geological Survey was being 
organized Doctor Hall strongly recommended Mr. Walcott to Clarence 
King, its first Director. 

The greater part of the geologic work of Doctor Walcott was done 
on the United States Geological Survey. He took the oath of office July 
21, 1879, as assistant geologist, under Clarence King. He was at once 
assigned to assist Captain C. E. Dutton, who sent him to south-central 
Utah to make a stratigraphic section from the summit of the Pink Cliffs 
to the mouth of Kanab River. A feature of this study was the classifi- 
cation of the Shinarump as Triassic and the underlying red beds and 
immediately subjacent limestones as Permian. His next assignment 
was to Arnold Hague’s party, in the Eureka district, in Nevada, where 
he collected fossils, while J. P. Iddings, the other assistant, gave most 
of his attention to the voleanic rocks. A large amount of material was 
obtained from the Middle and Upper Cambrian, Devonian, and Carbon- 


iferous rocks and 123 new species were described. 
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In 1882, July 1, he was placed in charge of the Division of Inverte- 
brate Paleozoic Paleontology, and soon thereafter he revisited the Eureka 
District to obtain additional paleontological material and to examine 
strata in the White Pine District and the north end of the Pifon Range. 
Observations were also made in the Poginip Ridge. 

After completing this work he made further observations on the Per- 
mian and underlying strata of the Kanab region and the winter was 
spent in the depths of the Grand Canyon, in the Nunkoweap, Kwagunk, 
and Chuar valleys near the mouth of the Little Colorado. He descended 
from the Kaibab Plateau on a trail built by Major Powell to the platform 
3,000 feet below, where a camp was established. Haskell, Walcott’s 
assistant, unable to endure the depression caused by living in the depths, 
finally had to leave, so that for a while Walcott had many lonely climbs 
in a very dangerous region. In this work he ascertained the relations of 
the Chuar and Unkar Series (the great pre-Tonto succession consti- 
tuting the Grand Canyon group of Powell and at first regarded as early 
Cambrian) and discovered a remnant of Devonian strata lying between 
the Cambrian and Carboniferous. As the studies of Dutton had given a 
different view of the classification of strata below the Carboniferous in 
the Grand Canyon,’ the results of Mr. Walcott’s observations were of 
great importance, and Major Powell referred to them in the Annual 
Report for 1882-1883 as “discoveries of the highest interest and value.” 

In 1883 he was promoted to the position of Paleontologist of the 
United States Geological Survey, probably as a reward for his achieve- 
ments in the Grand Canyon and because’ of the ability in administration 
that he had shown as chief of a division. That season he examined the 
Cambrian rocks on the eastern slope of the Adirondack Mountains and 
in northwestern Vermont, and had various assistants collecting Cam- 
brian and other fossils. The preparation of the report on the paleon- 
tology of the Eureka District and general routine work on fossils of the 
older formations occupied his attention during the office season. In 
transmitting the report on Paleontology of the Eureka District, Arnold 
Hague expressed his appreciation of the great value of the work in its 
important bearing on the geology of the Basin ranges. 

In 1883 also he was appointed honorary curator in the National 
Museum, and gave much time to the installation of paleontologic collec- 
tions and the determination of fossils collected from older rocks by vari- 
ous members of the Survey. In examining fossils collected by A. C. 
Peale and F. V. Hayden from the supposed base of the Carboniferous 
in the area north of the East Gallatin River, he found that they were of 
Devonian age. 


*See Dutton, Sixth Annual Report, United States Geological Survey, footnote, p. 183. 
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In July, 1884, he continued his field-work in western Vermont, but 
the season was interrupted by an order from the Secretary of the Interior 
to report on a coal deposit in central Arizona, which was found to be of 
but little importance. While in the West he visited the central uplift in 
Texas, where he discovered the Llano Series which he correlated with the 
Grand Canyon group. Most of the year was spent in the office studying 
the fauna of the Middle Cambrian and much time was given to identifi- 
cation and installation of collections in the National Museum. One of 
his most notable assistants at this time was H. S. Williams, who for 
many years studied the Devonian of western New York. Among other 
assistants were Cooper Curtice and S. W. Ford, and also William P. 
Rust, who obtained for him large collections of Cambrian fossils. 

The autumn of 1885 was devoted to an examination of the Cambrian 
rocks in the Highland Range of central Nevada, and he discovered a 
great series of Devonian and Lower Carboniferous strata in the Hyko and 
Pah-ran-agat ranges of central Nevada. He also measured a Permian 
section near Toquerville, southwestern Utah, and a Cambrian section in 
Big Cottonwood Canyon, in the Wasatch Mountains of Utah. In Wash- 
ington during the winter there were many fossils to be determined and 
a paper was prepared on Classification of the Cambrian System of North 
America, for presentation to the National Academy of Sciences. 

In 1886 he studied the Potsdam sandstone in northern and _ north- 
eastern New York and the earlier Cambrian strata in western Vermont. 
The discovery of fossils at many critical points in that area has served 
as a key to complex structural features and afforded much light on the 
Taconie controversy. In the Cambrian rocks near Poughkeepsie, which 
were examined by W. B. Dwight, he found Middle Cambrian fossils 
which indicated that the strata should be referred to the “Taconic hori- 
zon of the Cambrian.” 

The next season, 1887, Mr. Walcott continued field-work from Wash- 
ington County to and across Rensselaer County, and examined the 
Taconic Range, in western Massachusetts and southwestern Vermont. 
He also visited the Cambrian strata near North Attleboro, Massa- 
chusetts, with N.S. Shaler. This work on the Taconic rocks proved 
the correctness of the original conception of E. Emmons of the existence 
of a great succession of pre-Potsdam strata in western New England, 
so vigorously opposed by James Hall and others. Detailed study, how- 
ever, showed that Emmons had included later rocks in his succession, 
especially in the type region where the earlier Cambrian was overthrust 
on post-Cambrian strata. From these and previous observations he pre- 
pared a paper on the “Taconic system of Emmons and the use of the 
name Taconic in geological nomenclature.” * 


* American Journal of Science, volume 35, pages 229-242, 307-327, 394-401. 
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In the Tenth Annual Report of the Survey, Powell wrote of this 
work: 

“It was largely through Mr. Walcott’s labors that the complex relations 
of the partly unclassified and greatly disturbed rocks of eastern New York 
and western New England were made out, and his careful identifications in 
the field afford a firm foundation for future surveys.” 


He showed that the Olenellus horizon underlies the Parodoxides zone 
in the American Cambrian succession as it does in other parts of the 
world. In 1888 Mr. Walcott made a study of the Philipsburgh series on 
the Canada-Vermont boundary and the strata exposed between Lake 
Champlain and the village of Saint Armand, Canada. During the 
winter most of his time was occupied with routine work of his division, 
but he completed his great paper on the “Fauna of the Olenellus Zone,” 
which was part of the Tenth Annual Report of the United States Geo- 
logical Survey. In 1888 also he visited Wales to study the type sections 
of the Cambrian as defined by Sedgwick and Hicks. On his return to 
Washington he was placed in charge of all invertebrate paleontology of 
the Survey. 

In 1889 Mr. Walcott studied the Cambrian strata on French Broad 
River and in Chilhowee Mountain, Hot Springs, North Carolina, and 
Maryville, Tennessee. Later in the season he continued field-work in 
the northern part of the valley of Lake Champlain and Mohawk Valley 
and visited the typical locality of the Quebec group in the vicinity of 
Saint Armand, Canada, with Doctor Selwyn. Here he found that the 
Upper Cambrian fossils in the lower calcareous beds of the Levis Series 
were in boulders in a matrix which carried fossils of lower Calciferous 
(Ordovician) age. With Doctor Ells he studied the Ordovician section 
near Lake Memphremagog and traveled west across the Green Moun- 
tain axis in Sutton Mountain, which he found had lower Cambrian 
strata on its flanks. Doctor Selwyn joining him later, he reviewed 
the lower Cambrian section of northern Vermont, the lower Silurian sec- 
tion near the Canada boundary, the section of Philipsburg limestone, and 
the Cambrian and Ordovician sections near Granville and Salem, in 
Washington County, New York., The work in Canada was for the pur- 
pose of correlating the geologic formations of Vermont and Canada on 
the western side of the Green Mountains. 

Later in that season he studied beds in the canyons of the Lorraine 
and Salmon rivers, and other strata in west central New York, to estab- 
lish the correlation of formations between the Trenton and Medina 
terranes. In December, 1889, he presented to the Geological Society of 
America a discussion of “The value of the term Hudson River group in 
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geologic nomenclature.” During the office season much time was given 
to fossil determinations for members of the Survey, but progress was 
made in the installation of the various collections of fossils in the 
National Museum and in the preparation of reports. 

In 1890 he completed his correlation paper on the Cambrian (Bulletin 
81), which had been in preparation for some time, and published in the 
Twelfth Annual Report of the U. 8S. Geological Survey a paper on “The 
North American continent during Cambrian time.” 

During the summer he was occupied with a joint trip with R. Pumpelly 
and C. R. Van Hise to the basal Cambrian contacts in northeastern New 
York and southwestern Vermont, a study of sections near North Gran- 
ville and in western part of Washington County, New York, and an 
examination with T. Nelson Dale of part of the Rensselaer grit area. 
In this and the next season he also studied sections of Cambrian and 
overlying rocks in the fine exposures near Canyon City and Colorado 
Springs, Colorado. 

In 1891, after a brief visit to Trenton Falls, where Rust was collecting 
fossils, he made further observations at North Granville, New York, and 
with Bailey Willis examined certain Cambrian sections from Natural 
Bridge, Virginia, southward along the Appalachians to Alabama. 

When the appropriation for the United States Geological Survey was 
greatly reduced by act of Congress in August, 1892, Mr. Walcott was 
placed in charge of all the paleontologic work, and on January 1, 1893, 
was given control of all administrative matters relating to geology, with 
the title of “Geologist in Charge of Geology and Paleontology.” Very 
little money was available for field studies in the summer of 1892, and 
he made only a short trip with Arthur Keith along the Blue Ridge, in 
southern Pennsylvania and western Maryland, to determine the age of 
the quartzite at Harpers Ferry, which was found to be Cambrian. Much 
time was given to the preparation of the paleontologic exhibit for the 
Columbian Exposition in Chicago. 

Owing to administrative duties, but little time was available for field- 
work in 1893, but in the late autumn he made a short trip to Green 
Pond Mountain district, in New Jersey, with Smock, examined lower 
Paleozoic rocks between the Delaware and Susquehanna rivers, in Penn- 
svlvania, and visited Keith in east Tennessee to examine the Ocoee forma- 
tion. Early in this year Charles Schuchert became his principal assistant 


in the paleontologic work, and he continued in this relation and as as- 
sistant curator of paleontology in the National Museum until 1904. 

In January, 1894, Major Powell resigned from the directorship of 
the Survey, and on his recommendation President Cleveland appointed 
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Walcott his successor. This choice was one highly acceptable to geolo- 
gists all over the world, and was especially so to most of the personnel of 
the Survey, which had always been sensitive in its internal relations and 
difficult to keep properly enthused. It was believed also that Mr. Walcott 
could influence favorably the higher governmental officials and the oon- 
gressmen who provided funds for the organization. 

In his inaugural remarks Mr. Walcott stated that he had no radical 
changes to make in policy or personnel of the Survey, for he believed 
that the policy and administration of his predecessor “had been in thé 
main wise and efficient.” He referred to Major Powell as an “eminent 
administrator, who had insight and creative ability with scientific imagi- 
nation, initiative, and conceptions broad and clear, who was not only 
masterful in execution, but fertile in suggestions and potent with 
authorizing power.” 

Some new readjustments were planned, intended to meet new condi- 
tions and bring the bureau more closely in touch with some of the eco- 
nomic and educational interests of the country. The principal changes 
were to raise the standard of the topographic work, with resurveys where 
they were needed for geologic bases, and some refinements in the plan 
of triangulation; to enlarge the work in hydrography and minerai re- 
sources; and to make reconnaissance surveys of more areas where there 
were important economic resources. 

The scientific work, the scope of which he knew perfectly from his 
previous administrative duties, was to be continued without important 
changes. He came, however, at a time when the Survey was having great 
difficulty in obtaining suitable congressional provisions for its continu- 
ance and especially for its growth, which seemed important to all those 
who were friendly to scientific work. At the time he became Director 
the appropriation was $495,990. In his first year he succeeded in obtain- 
ing an increase of $22,000 for the regular budget of the Survey and an 
additional $50,000 to study the hydrologic resources—an investigation 
begun under Powell’s administration. 

In the first four years of Doctor Walcott’s directorship the functions 
of the Survey were enlarged to cover investigations of surface and under- 
ground waters, the mapping of forest reserves, sectional subdivisions and 
surveys in the Indian reservations for the Land Office, and the establish- 
ing of boundaries of certain Western States. For this work the appro- 
priations were increased to $967,840, or more than double. 


In 1894, after assuming office as Director, a short trip was made to 
central Colorado in company with 8. F. Emmons. Then two weeks 
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were spent in a reconnaissance of the White Mountain Range along the 
California-Nevada line. 

In the report for 1895-1896 Doctor Walcott wrote that “the field-work 
of the Director is necessarily more or less desultory and largely of recon- 
naissance character, as it is impossble for him to obtain sufficient respite 
from administration.” During the summer of 1895, after a short trip to 
Marthas Vineyard, he spent some time in Montana and Idaho. He ex- 
amined strata in the vicinity of Neihart with W. H. Weed, and the Coeur 
d’Alene district, in Idaho, with S. F. Emmons and W. H. Weed, and in 
September made a reconnaissance with Weed of Cambrian rocks in the 
region about Columbia Falls, Montana, and to the north and east, on 
the line of the Great Northern Railway. During the winter he resumed 
office work on Cambrian faunas, suspended since 1894, and on a mono- 
graph on the fossil Meduse. He also studied Cambrian fossils from 
Yellowstone Park. 

In 1896 he made a reconnaissance in eastern California and western 
Nevada and an examination of the beds in the Red Mountain district 
and of Silver Peak. Short trips were made to Mount Magruder and over 
the Inyo Range and down Owens Valley to Independence. En route East 
he examined the lower Paleozoic strata of the Franklin Mountains near 
El Paso. During the winter a short paper was prepared on the Inyo 
Range and progress was made in the study of the Cambrian brachiopoda. 

The field-work of 1897 consisted of an examination of certain forest 
reserves and national parks, the Black Hills, Big Horn Mountains, and 
the Inyo Mountains, in which additional data on Cambrian rocks were 
obtained. The Survey routine being well in hand, considerable time was 
given to office work on reports and paleontologic studies. 

In June, 1898, a short trip was made to examine some strata near 
Lexington, Virginia, and later in the summer he found time for a short 
visit to Teton Forest Reserve, in Wyoming, and the Belt Mountain area 
east of Helena, Montana, and a trip along the northern spur of the 
Wasatch Range near Malade, Idaho. In the following year he visited 
New Brunswick and Newfoundland to study the older Paleozoic rocks 
and made considerable progress on the monograph on Cambrian brachio- 
poda. 

July 1, 1900, Doctor Walcott reorganized the scientific work of the 
Geological Survey into divisions, as follows: 


Areal Geology. 

Pleistocene Geology. 

Paleontology. 

Precambrian and Metamorphic Geology. 
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Economic Geology, finally divided into— 
Metalliferous ores 
Nonmetalliferous deposits. 
Physical and Chemical Research. 
There was also the divisions of Mineral Resources, Mining Statistics, 
and Topography. A Hydrographic Branch was created in 1902, and 
later the Divisions of Petrology and Alaskan Geology. For seven years 
prior to this the geologists reported directly to the Director, although 
for part of the time much of the routine work was carried by an “Assist- 
ant in Geology to the Director.” In 1902 Dr. C. W. Hayes was placed in 
charge of the Geologic Branch, a happy selection, which relieved the 
Director of many responsibilities and was very acceptable to the geolo- 
gists of the Survey. 

In the year ending June 30, 1901, Doctor Walcott had no opportunity 
for geologic field-work, but the monographic study of the Cambrian 
faunas “was continued as opportunity permitted.” In the following 
years very little time was available for research or travel. 

In the autumn of 1901 Doctor Walcott made a joint trip with G. K. 
Gilbert to examine formations in New Mexico and Arizona, including a 
trip into the Grand Canyon. While in the Grand Canyon the photog- 
rapher of the Survey, Mr. Carkuff, made a very fine series of photo- 
geaphs, under Doctor Walcott’s direction, to illustrate the geology of 
the Alkonkian and other rocks. I had the pleasure of joining this party 
at E] Tovar and beginning my reconnaissance of the plateau region under 
the guidance of geologists who were familiar with some of its features. 
Part of the time we lived in a private car furnished by the Santa Fé 
Railroad. 

In the summer of 1903 Doctor Walcott was greatly occupied as chair- 
man of a committee appointed by President Roosevelt to investigate and 
report on the scientific work conducted by the Government, but in the 
autumn he made a short trip to the west end of the Uinta Mountains, 
and then spent considerable time in the House Range of Utah and Snake 
Range of Nevada. In that year also he was appointed by Secretary of 
State John Hay as United States Commissioner on the Canadian Bound- 
ary Commission. 

During the summer of 1905 the Director was able to spare sume time 
for a detailed study of the rocks between the Rocky Mountain front and 
Ravalli, Montana, in order to obtain a reference section for the strata in 
northwestern Montana and northern Idaho, and further studies were 
made to complete the Cambrian section in the House Range, Utah. He 
also visited various reclamation projects, and on returning to Washing- 
ton made progress in his study of Cambrian faunas. 
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Doctor Walcott resigned as Director April 30, 1907, to take the posi- 
tion of Secretary of the Smithsonian Institution. During his thirteen 
years of administration the appropriations had finally been increased to 
$1,758,720, or more than four times the amount at the beginning of his 
directorship. Meanwhile the returns from sales of publications had 
grown from $2,100 to more than $18,000. 

In the personal part of his directorship of the Geological Survey 
Doctor Walcott was'a worthy successor of Powell. He gave great free- 
dom to the investigators in whom he had confidence, and tactfully ad- 
justed the partition of work and giving of credit where researches were 
likely to overlap. He was always freely accessible for consultation, espe- 
cially to those who did not impose unnecessary details, and he gave much 
constructive criticism to investigations or reports in progress. Many 
matters of Survey administration, such as photographic laboratory, 
library, accounts, petrography, geologic names, etcetera, were placed in 
the hands of committees consisting mostly of scientists interested in 
them, a policy which led to many very advantageous adjustments and 
simplifications. The statement sometimes made that he reorganized the 
scientific work of the Survey on assuming its directorship, is a mistake, 
for he made no radical changes in personnel or methods. However, as 
appropriations were increased the scope of operations was greatly en- 
larged; the topographic mapping was made more detailed, and prompt 
attention was given to investigating districts which should not await 
monographic treatment. 

Doctor Walcott had long shared with Major Powell the plan to utilize 
portions of the arid public lands which could be irrigated, a plan which 
led to the passage of the Reclamation Act of June 17, 1902. This aet 
provided for continuation of surveys of irrigable areas and _ reservoir 
sites, the determination of water supplies, and the preparation of plans 
for dams and irrigation systems. This work was continued by the Survey 
under Doctor Walcott as Director until he resigned, in 1907, when it was 
separated as an independent bureau of the Interior Department, the 
Reclamation Service, under the direction of F. H. Newell, who had been 
engineer in charge from its inception. It would seem that the develop- 
ment of this new branch of the governmental service was of such obvious 
advantage that it should have met with no obstacles, but, like many 
great movements, it involved features, such as the necessary withdrawal 
of public lands authorized by the, act, which interfered with the interests 
of various men or organizations. These were mostly speculative land- 
grabbers, having forestry, grazing, or other holdings, and they instigated 
a vast amount of political pressure leading to a vigorous attack on Major 
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Powell, who was not always prepared to combat it. At this critical time 
Doctor Walcott came to the front and, fearlessly assuming the brunt of 
these attacks, was able to overcome much of the opposition. His far- 
seeing good judgment and admirable self-control succeeded in winning 
the confidence of the President and Secretary and stemming most of 
the tide of criticism and obstruction that at one time seemingly imperiled 
progress toward the Reclamation Act. Much red tape and many inter- 
departmental difficulties had to be disposed of by the exercise of tact 
and no little force of argument during the development of the Reclama- 
tion organization. The preliminary surveys also effected the saving of a 
vast amount of public land which was in serious jeopardy of being lost 
to the Government. When the Newlands Reclamation Act of June 17, 
1902, became a law, the details of execution were left to a Secretary of 
the Interior, who entrusted all of its execution to Doctor Walcott. He 
found him well prepared with carefully considered plans and the nucleus 
of a well developed organization ready for immediate action. When 
Doctor Walcott resigned from its directorship, on leaving the Geological 
Survey, in 1907, the new bureau was far advanced in its work and had 
in progess several great reclamation projects which are among the most 
important advances toward the utilization of our great domain of arid 
lands in the West. : 

The entire Reclamation program, developed largely under the advise- 
ment of Walcott, Newell, and their associates, was a remarkable achieve- 
ment of persistence and foresight. In its administration he encouraged 
the initiative of the engineers, overruled petty private considerations, and 
greatly abbreviated hampering by official red tape and political inter- 
ference, so that reclamation quickly yielded results of vast utilitarian im- 
portance. In this connection Doctor F. H. Newell, long time director of 
the Reclamation Service, has written as follows: 

“In looking back over the thirty years of hydrographic investigations of the 
United States Geological Survey we can see clearly that this project would 
not have developed rapidly and effectively into a national policy of reclama- 
tion without the continued quiet support and wise advice of a man of Wal- 
cott’s type. When we consider the innumerable opportunities for mistake 
and failure in big and little ways, it is marvelous that a great conception of 
this kind, the dreams of many men, could have come true. Although this 
work was later subject to attack and investigation, it is believed that during 
the entire life of the Reclamation Service from its inception as part of the 
United States Geological Survey, it always has shown a high degree of 
efficiency. More than this, the spirit of loyalty and service to the country 
was such that probably no other bureau has attained a higher standard of 
team work.” 
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The Bureau of Mines, another offshoot of the Geological Survey, had 
its inception during the later years of Doctor Walcott’s directorship. The 
first developments were in the provisions for the analysis and testing of 
fuels, in 1904, and the investigation of structural materials, in 1905, 
This work gave rise to the Technologic Branch of the Survey, established 
by order of the Secretary of the Interior in the spring of 1907 and placed 
in charge of J. A. Holmes. Meanwhile plans were developed to expand 
and add to these investigations, and when Congress finally passed the 
act creating the Bureau of Mines, which became effective on July 1, 
1910, the personnel of the Technologic Branch of the Survey became 
the nucleus of the new organization and J. A. Holmes its director. 

Early in his western travels Doctor Walcott became interested in the 
movement for conserving our forested areas, and in 1895 he secured as 
an amendment to the appropriation for the United States Geological 
Survey the first comprehensive law organizing the forest reserves of the 
United States. An appropriation was provided to separate and survey 
a vast area of forested lands suitable for forest reservations. He drafted 
most of the provisions of the various laws, and by personal influence 
with leading Congressmen was able to avert much of the strong lobby 
of opposition which was marshaled by persons selfishly interested in 
lumber and other features in the western forested areas. The product 
of this work was the Forest Service, which under the administration of 
Gifford Pinchot and his successors has saved the remnants of our great 
forests which were formerly devastated by selfish private interests. 

The project of creating and utilizing national parks in the West was 
for many years a favorite one with Mr Walcott. He had an important 
part in the committee which created the National Parks Association 
in May, 1919, and served as Vice-President, President, and later as a 
member of its Executive Committee. He gave most important counsel 
and aid in the creation of many of the national parks and monuments 
at times when there was considerable opposition from persons having 
local interests. 

In 1901 Doctor Walcott, with a small group of friends, appealed to 
Andrew Carnegie to found a research institution in Washington, with 
the result that this great philanthropist gave $10,000,000 to establish 
the Carnegie Institution. Doctor Walcott was secretary of the board of 
incorporators, then of the board of trustees, and then of the Executive 
Committee, on which he served as a member until the time of his death. 

The principal aims of the Institution are to promote and supply means 
for original research, to increase facilities for higher education, to ad- 
vance the efficiency of research work in universities, and to provide for 
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prompt publication of the results of scientific investigations. Doctor 
Walcott’s knowledge of scientific men and methods and clear foresight 
as to the most desirable lines of research aided greatly in the organiza- 
tion and conduct of the many investigations carried on by the Institu- 
tion under the directorship of Daniel Gilman, R. 8S. Woodward, and 
J. C. Merriam. 

After the death of G. Brown Goode, Assistant Secretary of the Smith- 
sonian Institution, in the autumn of 1896, Doctor Walcott was offered 
that position. He declined to leave the Geological Survey, but finally 
accepted the position temporarily, with the understanding that his work 
should be exclusively devoted to the charge of the National Museum, so 
that he could continue his scientific studies. He was appointed Secretary 
by the Board of Regents January 31, 1907, but, at the request of the 
President, he continued to direct the United States Geological Survey 
until April 30, 1907. 

The Smithsonian Institution has administration of the National 
Museum, National Gallery of Art, Bureau of American Ethnology, Zoo- 
logical Park, Astrophysical Observatory, the International Exchanges, 
the United States Bureau of the International Catalogue of Scientific 
Literature, and the Freer Gallery of Art. There is also the affiliated 
Research Corporation of New York City, of which Doctor Walcott was 
a founder and director. 

In accepting the secretaryship, Doctor Walcott stated : 

“It is with a deep sense of responsibility that I have assumed the office of 
Secretary, and I greatly appreciate the honor conferred by the Regents in 
electing me to the position. Once before, as acting Assistant Secretary, I had 
administrative charge for nearly two years of a most important branch of 
the Institution’s work, the United States National Museum. I have been asso- 
ciated with the scientific work of the Museum for almost a quarter of a 
century and for many years have been in close personal contact with other 
important branches of the Institution's activities.” 


Under his administration the Smithsonian Institution made notable 
progress, one important feature being Doctor Walcott’s continuation of 
his own studies on Cambrian fossils and his researches for many summers 
in the Canadian Rocky Mountains. Although the routine work of the 
Institution was well organized, it required a large amount of attention, 
and many new lines of interest and details of management, interviews, 
and conferences were matters that generally occupied many hours. Still 
Doctor Walcott was able to continue work on his large fossil collections 
with some progress to show for nearly every day, and the summers were 
spent in greater part in the Canadian Rocky Mountains, where the 
stratigraphy and distribution of the rocks were studied and large num- 
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bers of fossils collected from the Cambrian and other strata. He began 
this field-work in the autumn of 1907 in an extended visit to portions 
of British Columbia about Mount Stephen, Castle Mountain, Lake 
Louise, and Mount Bosworth, where there are superb exposures of 20,000 
feet of strata, including 12,000 feet of Cambrian, in which the lower, 
middle, and upper divisions are well represented. In the following 
summers this investigation was continued with gradual extension of area 
into other portions of British Columbia and Alberta. In 1909 he dis- 
covered Precambrian strata in Yoho River Canyon and found a great 
deposit of Cambrian fossils near Burgess Pass at an altitude of about 
8,000 feet; or 3,000 feet above Field. In subsequent years, especially in 
the spring and summer of 1912 and 1913 and again in 1917, he quarried 
this Burgess shale systematically and obtained a vast amount of phe- 
nomenally fine material, comprising 70 genera and 130 species, not only 
trilobites and phyllocarids, but brachiopods, annelids, alge, and sponges. 

In continuing his stratigraphic studies in 1912, he measured sections 
in Moose Pass and to the summit of Mount Robson, where 12,000 feet 
of Cambrian and 3,000 feet of Ordovician strata were examined. He also 
studied the oldest known Precambrian fossiliferous strata on Steep Rock 
Lake, 140 miles west of Port Arthur. In 1913 he had a long season of 
observation and collection in the Robson Park district, British Columbia, 
and in Jasper Park, Alberta. In this journey he was accompanied by 
his sons, Sidney and Stuart, who had become very competent moun- 
taineers. 

In the field season of 1914 he spent a week at Glacier, British Co- 
lumbia, measuring the rate of flow of the Dllecillewaet and Asulkan 
glaciers, and then went to Montana to study pre-Paleozoic sediments of 
Big Belt Mountains near White Sulphur Springs and in Deep Creek 
Canyon southeast of Helena. In the latter occur fossil crustaceans, 
alge, and bacteria which are believed to be the oldest organic remains 
known. 

"The field season of 1915 found him in Yellowstone Park studying and 
photographing living alge in the hot pools, so as to understand the con- 
ditions in which ancient alge had developed. On this occasion he ob- 


tained more than five tons of specimens of hot spring deposits for the 
National Museum. From Yellowstone Park he descended West Gallatin 
River to examine the Cambrian strata at the mouth of Squaw Creek, 
and then visited Deep Creek Canyon east of Townsend, Montana, where 
about two tons of Precambrian fossiliferous material were collected. In 
1916 he spent a long season in the Canadian Rocky Mountain region, 
mainly on the Continental Divide south of the Canadian Pacific Rail- 
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road, Measuring many sections from near Mount Assiniboine to Kicking 
Horse Pass. In this work he discovered a great overthrust fault in 
Wonder Pass, located the plane between the Lower Cambrian and Middle 
Cambrian, and found the ledges from which the Albertella fauna had 
come. In these trips he was accompanied by Mrs. Walcott, who aided 
in various ways while also studying the wild flowers. 

The season of 1917 was mainly devoted to obtaining more of the fine 
Burgess shale material, which was found to be throwing much light on 
the structure and organization of trilobites. A few days were spent near 
Lake MacArthur and a trip was made into the valley of Vermilion River. 
The summers of the next eight years he found opportunity to continue 
his work on the Canadian Rocky Mountains, obtaining data from the 
Lake Louise district, the upper Bow Valley, the region north of that 
valley, including the country about Glacier Lake, with sections of Mount 
Forbes and Mons Peak, the headwaters of Cascade River, and the Front 
Range west of Calgary, Alberta. The east side of Columbia River Valley 
was also studied. The bad weather in 1921, 1924, and 1925 greatly im- 
peded progress, but some data were obtained as to the older Paleozoic 
rocks in Sawback Range and in the headwaters of north fork of Saskatch- 
ewan River, in Alberta, and a fine series of fossils was obtained from 
the great lower Paleozoic section north of Bow River. One very im- 
portant achievement was the discovery of fossils in the Lyell limestone, 
and in 1925 he found in the Upper Cambrian of Badger Pass the key 
to the problem of the Arctomys formation of the Glacier Lake section. 
In giving an account of this season’s field-work he wrote : 

“This year probably completes my field-work in the Canadian Rockies. A 
few problems have been cleared up in the past nine years, but many remain 
to be studied by young, well trained men with strong hearts, vigorous muscles, 
and the high purpose of the research student seeking to discover the truth.” 


Much time was given in Washington to the preparation of the results 
of this field-work, which throw most important light on the structure and 
stratigraphy established on a basis of thorough paleontologic determina- 
tion. Several tons of fossils were collected, which have afforded a vast 
amount of information on the Cambrian life of the region and will serve 


for further study for many years to come. 

During Doctor Walcott’s administration of the Smithsonian, the 
National Gallery of Arts was installed and the Freer Gallery was secured, 
both developed largely through his rare good judgment. 

At the time of his death he was striving to secure endownments for 
the Institution and he gave and bequeathed substantial donations to that 
end. 
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During the World War Doctor Walcott devoted much time to aero- 
nautics, and his interest and assistance in this branch of the service met 
with high appreciation. In the Thirteenth Annual Report of the 
National Advisory Committee for Aeronautics, 1927, President Coolidge, 
in his letter of transmittal, refers to the death of the “late chairman, Dr 
Charles D. Walcott, on whose advice the committee was established by the 
Congress in 1915. At a time when there was but little appreciation of 
the value of aeronautics and but slight conception of its problems, Doctrr 
Walcott had the vision to see the need for organized scientific vesearch 
on the fundamental problems of flight. The establishment of the 
National Advisory Committee for Aeronautics, the development of its 
usefulness in the formulation of policies, and the results of its labors in 
the field of research are a tribute to the leadership of Doctor Walcott and 
stamp him as a great constructive force in the upbuilding of American 
aeronautics.” 

The act establishing the committee was approved by President Wilson 
March 3, 1915, and at the organization meeting Doctor Walcott was 
elected chairman of the executive committee, a post he held by annual 
reelection until 1919, when he was elected chairman of the entire com- 
mittee, in which position he served until his death. On June 8, 1916, 
there was held in his office, at the Smithsonian Institution, the first gen- 
eral meeting of representatives of the American aircraft industry; this 
was followed by the formation of the subcommittee on power plants for 
aircraft and the development within twelve months of the first of the 
famous Liberty motors. That same year Walcott was instrumental in’ 
locating the Langley Memorial Aeronautical Laboratory at Langley 
Field, Virginia. All of his tact and ingenuity was soon called into play 
in the patent war that so seriously retarded the acquisition of planes by 
the United States Government, but finally Doctor Walcott and his sub- 
committee on patents evolved a “cross-license agreement” which brought 
an end to the patent controversy and made possible the financing of ex- 
pansion projects. This agreement was severely criticized by some 
writers, but it has been upheld by the courts and by the Comptroller Gen- 
eral. As our entry into the World War became more probable, Doctor 
Walcott made preparations by conducting a survey of the productive 
capacity and possible growth of the industry, and, realizing the difficulties 
in this development, secured the organization of an Aircraft Production 
Board and a technical board to determine specifications and methods of 
inspection. This was followed by the appropriation by Congress of 
$640,000,000 for aircraft. 

Besides developing the industry along many other lines, Doctor Wal- 














tor 
‘ive 
ties 
jon 


of 


ral 








MEMORIAL OF C. D. WALCOTT 97 


cott was an active leader in inaugurating the air mail service, in organiz- 
ing the Committee on Aerial Photographic Surveying and Mapping, in 
formulating the first national aviation policy in 1920, and in drafting 
the Air Commerce Act of 1926. 

At a special meeting of the National Advisory Committee on Aero- 
nautics, in Washington, on February 11, 1927, resolutions were passed 
containing the following eulogy: 

“Doctor Walcott was not only a great scientist; he was a great man. His 
mind was that of a true scientist, a skilled executive, and a trained diplomat, 
and withal he was an inspiring leader of men, and a man beloved by all his 
colleagues, owing to his rare personal qualities. . . . That he has in the 
field of aeronautics labored as successfully and as well as in other fields of 
his endeavor is attested not merely by the personal admiration and esteem 
of his associates on this committee, but more especially by the record of prog- 
ress in American aeronautics, and by the character, stability, and standing 
of the research organization which has been developed by the committee under 
his guidance. If he had done no more for his country than he did in advance- 
ing the science of aeronautics alone, his fame would rest secure. 

“The world at large does but little appreciate the true greatness of this 
man. We who have had the privilege of serving with him as members of the 
National Advisory Committee for Aeronautics can only say that we are proud 
to have been associated with him, and we mourn his death as a loss to the 
entire scientific world and a distinct and irreparable loss to the science of 
aeronautics.” i 


The World War brought intense personal sorrow to Doctor Walcott in 
the death of his son, Benjamin Stuart Walcott, who lost his life in air 
combat within the German lines on December 12, 1917. Another son, 
Sidney Walcott, was also in the air service, and his daughter, Helen, 
served for nearly a year as a nurse in a French military hospital. 

Doctor Walcott was an expert photographer, and in the course of his 
travels for the Geological Survey and Smithsonian Institution he ob- 
tained a very large number of fine negatives showing rocks in which he 
was interested and the wonderful scenery of the Canadian Rocky Moun- 
tains. Some of the latter were reproduced in the National Geographic 
Magazine and many of his other pictures have been utilized for textbook 
illustrations and lantern slides for educational use. A series of the 
Rocky Mountain views, accurately colored by Mrs. Walcott, were used 
most effectively in lectures on the geology and scenery of that region. 

Geology is indebted to Doctor Walcott for his very extended researches 
in the Cambrian life and rocks, and to his work on the Precambrian 
life, and also for his administration of the United States Geological Sur- 
vey, in which he initiated and guided many lines of geological research. 
In his connection with the Carnegie Institution and Smithsonian Institu- 
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tion he also provided for several important geologic investigations. He 
collected fossils not only in large number, but also from strata in which 
they were most obscure and of great importance in indicating the age 
of the beds. His keenness for finding fossils was phenomenal. 

Doctor Walcott published a great many papers and memoirs, partly 
stratigraphic and regional, but preponderantly paleontological. Only a 
few were of the theoretical variety, but among his contributions are many 
valuable suggestions as to conditions of deposition and historical geology 
in various aspects, notably as to the duration of geological time as indi- 
cated by Cambrian and later sediments, a subject treated in his viee- 
presidential address to the American Association for the Advancement of 
Science in 1893. One of his most useful regional papers was a deserip- 
tion of part of the Grand Canyon, in which he indicated the relations 
of the Chuar and Unkar strata in the vicinity of the mouth of the Little 
Colorado River. The paper on the Cambrian of North America was by 
far the best of the series of correlation papers published by the United 
States Geological Survey in 1891, for it printed a large amount of new or 
recent data and a complete epitome of the state of knowledge at that 
time. Many minor geologic papers throw light on relations of Cambrian 
and Precambrian rocks in various portions of the United States and 
Canada, in most cases affording a basis for local classification and map- 
ping. 

His numerous paleontologic contributions described many organic re- 
mains from the American Cambrian rocks and the few but highly im- 
portant fossils which he discovered in our Precambrian strata. In his 
report on the.Eureka district the higher Paleozoic faunas are also de- 
scribed. The number of species of which he is the author is very great 
and he left a large amount of fossil material yet to be worked out. His 
papers on the organization of the trilobite have attracted marked atten- 
tion all over the world. Other great biologic contributions were the 
Olenellus and related genera, in which 36 species in 10 genera are pre- 
sented: the “Fauna of the Lower Cambrian,” with several hundred 
species; and his voluminous monograph on the Cambrian Brachiopoda, 
describing all forms known up to 1912, 535 species in 59 genera, some- 
what more than half of them from North America. In his paleontologie 
researches he utilized for comparison typical material from all over the 
world, and the collections which he established in the National Museum 
are not only rich in individuals but widely representative. 

The last published contribution,* an account of pre-Devonian sedimen- 


*Pre-Devonian sedimentation in the southern Canadian Rocky Mountains. Smith- 
sonian Miscellaneous Collections, volume 24, number 4, pages 147-175, plates. 
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tation in the southern Canadian Rocky Mountains, was finished on the 
day he was stricken. It gave a most illuminating résumé of the strati- 
graphic relations, with separation of the troughs of deposition from lower 
Cambrian to Carboniferous times. 

| believe that Doctor Walcott did not regret and was not hampered 
by lack of college training. He quickly learned the technique of geo- 
logic work in his investigations with Hall in New York and notably in 
his intimate associations with experienced geologists in his early days on 
the United*States Geological Survey. I myself have had the experience 
of finding that institution a very satisfactory college. His great natural 
aptitude and ambition to study rocks and to collect fossils and his system 
of keeping careful records of his observations were the important factors. 
The thoroughness of his field-work depended entirely on its purpose, and 
it seems to me that its effectiveness was enhanced by the fact that he 
never wasted time on unneeded details. The presentation of the results 
of his earliest researches was up to a much higher standard of excellence 
than that which many college-trained assistants bring to the Survey, and 
while he was neither a lurid nor a pedantic writer, his literary style 
was clear, direct, and concise, which are the most important elements -in 
scientific presentation. 

Although most of his own researches were in pure science, he was al- 
ways interested in the practical application of science to human interests. 
In his address as President of the American Association for the Advance- 
ment of Science, at Cincinnati, in 1924, on “Science and Service,” he 
made a strong claim that the advancement of science advanced humanity 
in its higher attributes. 

One of Doctor Walcott’s memorialists has pointed out the fact that 
his principal scientific work was observation and collection of data, with- 
out much speculation as to their significance from the theoretic point 
of view. While this is true in part, yet he gave much consideration to 
the probable geography of Cambrian time, the conditions of sedimen- 
tation, and the duration of geologie time. His work on Cambrian fossils 
and stratigraphy has established a basis for classifying and correlating 
the divisions of that system which, possibly with some modifications, will 
serve for a long time. His studies on the Belt formation of Precambrian 
age were also of fundamental importance, 

Doctor Walcott was connected with many scientific societies, joining 


some of them in their organization, others by election, and still others 
by membership conferred in recognition of his scientific work. He was 
an original fellow of the Geological Society of America, its Vice-Presi- 
dent in 1900, and President in 1901. In the earlier years he contributed 
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several papers and discussions. He was elected member of the National 
Academy of Sciences in 1896, and served as its treasurer from 1899 to 
1902, vice-president 1907 to 1917, and president from: 1917 to 1923, 
He was chairman of various committees, and as chaiman of the finance 
committee (1911-1925) he had much to do with the creation, planning, 
and erection of the fine building in which the Academy is now housed, 
He was a fellow of the American Association for the Advancement of 
Science and its president in 1924. He was associate fellow of the Amer- 
ican Academy of Arts and Sciences and member of the American So- 
ciety of Naturalists, American Philosophical Society, Academy of Nat- 
ural Sciences of Philadelphia, Société Géologique de France, Christiana 
Scientific Society, and Archwological Institute of America (President, 
Washington Branch, 1915-1917). He was a corresponding member of 
Academie des Sciences del Institut de France, the Geological Society 
and the Royal Geographical Society of London; foreign member of 
Academie dei Lincei, of the Royal Academy of Sciences of the Institute 
of Bologna, and of the Stockholm Royal Academy of Sciences, and 
honorary member of the Imperial Society of Naturalists of Moscow and 
the American Institute of Mining Engineers. He was President of the 
Washington Academy of Sciences from 1899 to 1910 and vice-chairman 
of the National Research Council. 

In 1895 Doctor Walcott was awarded the Bigsby medal of the Geo- 
logical Society (London) in recognition of his work in paleontology and 
stratigraphy, a medal awarded biennially as a recognition of eminent 
success in geology; Doctor Walcott was the fourth American to receive 
it. He also received the Gaudry medal from the Société Géologique de 
France, the Wollaston medal from the Geological Society of London, 
the Hayden medal from the Academy of Natural Sciences in Philadel- 
phia, and the Mary C. Thompson medal from the National Academy 
of Sciences in 1921. 

In recognition of the scientific work of Doctor Walcott, honorary 
degrees were conferred on him by various institutions. They were as 
follows: LL. D. by Hamilton in 1897, Chicago University in 1901, Johns 
Hopkins in 1902, University of Pennsylvania in 1903, Yale in 1910, St. 
Andrews [Scotland] in 1911, Pittsburgh in 1912, and University of 
the State of New York in 1925; Dr. Sei. by Cambridge [England], 
1909, and Harvard, 1913; Ph. D., Royal Frederick [Christiana], 1911, 
and Doctor Honoris Causa, University of Paris, 1924. 

Since 1880 Doctor Walcott was prominently identified with the scien- 
tific and social life of Washington. He also had some business interests, 
mainly in the building of the Iowa, Ontario, Mendota, and Stoneleigh 
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Court apartment houses, which were among the earliest large establish- 
ments of the kind in Washington, and yielded very satisfactory returns. 
In 1888 he married Miss Helena B. Stevens, of Rochester, New York, 
who was killed in a railroad accident in Bridgeport, Connecticut, in 
1911. In 1914 he married Miss Mary Morris Vaux, of Philadelphia, who 
survives. The death of two sons, Charles and Stuart, was a sore trial. 
Another son, Sidney, is living, and his daughter, Helen, is Mrs Cole J. 
Younger, of New York City. About twenty years ago Doctor Walcott 
built for himself a very comfortable house at S and Twenty-second 
streets, in a fine location in Washington, where from time to time he 
found pleasure in welcoming many distinguished guests. 

Walcott’s research work continued to the time of the fatal apoplectic 
stroke. This came most unexpectedly, on his return home from an after- 
noon of the usual routine of administrative work and progress on manu- 
scripts. His death followed several days later on the 9th of February, 
1927. 

At the memorial meeting, held in the auditorium of the National 
Museum on February 10, 1927, the following resolutions were presented 
by the committee named by Acting Secretary Abbot, consisting of Dr 
George P. Merrill, chairman; Dr J. Walter Fewkes, Mr James G. 
Traylor, and Mr Webster P. True: 

We of the Smithsonian Institution, its several branches and coordinate 
scientific institutions of Washington, have assembled here today to do honor 
to one of our number who achieved in scientific circles an exalted position 
attained by few. During the twenty years that Doctor Walcott so eminently 
served as secretary of the Smithsonian Institution, during the forty or more 
years of his life in Washington, he displayed, to a degree that excited our 
greatest admiration, a capacity for the dual duties of research and adminis- 
tration. Under his administration the Institution has passed successfully 
through a trying period and is but now emerging upon what he firmly be- 
lieved will prove the most useful and striking period of its existence. Mean- 
while, in his studies of the geology and paleontology of the older rocks of the 
earth's crust he won world-wide recognition among scientific men and became 
the recipient of nearly every honor that can be bestowed, both in America 
and abroad. It is not necessary that his achievements and successes be dwelt 
upon in detail. He has gone from us. Be it therefore 

“Resolved, That we here express our personal sense of loss in the death 
of a friend and leader, who, through his unfailing courtesy and encourage- 
ment in our various lines of work, aroused our deepest respect and admira- 
tion. In the passing of Secretary Walcott the Institution which he loved and 
served so well has suffered a severe blow and his friends and associates have 


lost an inspiring leader. Be it also 
“Resolved, That we, Doctor Walcott’s associates, extend to his family our 
deepest sympathy in their bereavement.” 
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A number of Doctor Walcott’s associates present at the meeting ex- 
pressed their esteem and affection for him and their admiration for his 
scientifie work. Among these were Doctor Keith, Dr F. H. Newell, Dr 
David White, Doctor Abbot, Doctor Wetmore, Doctor Bassler and Mr 
Victory. 

On or near Mareh 31, 1927, Doctor Walcott’s seventy-seventh birth- 
day, a most notable tribute was offered to him in the form of memorial 
services at a number of educational institutions in the Pacifie north- 
west. The movement was initiated by the officers and counci! of the 
Northwestern Scientific Association, and meetings were held at the fol- 
lowing places: Montana State University, Missoula; Montana State 
College, Bozeman; Montana State School of Mines, Butte: Idaho State 
University, Moscow; State Normal School, Lewiston, Idaho; Oregon 
Agricultural College, Corvallis; Washington State University, Seattle; 
Washington State College, Pullman; Washington State Normal School, 
Ellensburg; Washington State Normal School, Bellingham; Washington 
State Normal School, Cheney; Gonzaga University, Spokane University, 
Spokane College, and Whitworth College, all of Spokane, Washington. 

In addition to these services, a joint service was held in Spokane, 
Washington, in which the following organizations participated : Eastern 
Washington Historical Society, Associated Engineers of Spokane, Lewis 
and Clark High School, North Central High School, and the members 
of the Northwest Scientific Association residing in Spokane. 

At a memorial meeting in the National Museum January 24, 1928, 
under the chairmanship of Chief Justice Taft, Chancellor of the Board 
of Regents of the Smithsonian Institution, eloquent tributes were paid 
to Doctor Walcott by Dr John C. Merriam, of the Carnegie Institu- 
tion: Dr Joseph S. Ames, of the National Advisory Committee for 
Aeronautics ; Dr George Otis Smith, Director of the United States Geo- 
logical Survey, and Dr C, G. Abbot, the newly appointed Secretary of 
the Smithsonian Institution. Justice Taft spoke of the value of his 
work to the Government and gave him high praise as a fine example of 
a civil servant. Doctor Merriam spoke of his contributions to the theory 
of evolution in showing the development of life through Cambrian time 
and in throwing new light on its progression through Precambrian time. 
Doctor Ames spoke of the important part Doctor Walcott had taken in 
the development of aeronautics in this country, and Doctor Abbot spoke 
of him as an admirable leader and administrator of the Smithsonian 
Institution, and of the active part he took in connection with the work 
of the National Academy of Sciences, of which he served as President 
and member of the council for many years. Doctor Smith told of Doe- 
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tor Walcott’s work as Director of the Geological Survey, during which 
he continued his own scientific researches. He referred to the fact that 
Doctor Walcott had been the trusted advisor of several Presidents and 
many congressional committees in vital economic problems concerning 
the mineral conservation and land settlement policies of the Govern- 
ment and the great proposition to diminish the hazards of mining. He 
praised also his qualities as a man and the aid he had given to matters 
concerning the welfare of humanity. 
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Note on Lower Cambrian fossils from Cohasset, Massachusetts. Bio- 
logical Society of Washington, Proceedings, volume 7, page 155. 
Systematic list of fossils found at Eureka, Nevada. United States 

Geological Survey Monograph 20, pages 317-333. 
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The geologist at Blue Mountain, Maryland. National Geographic 
Magazine, volume 5, pages 84-88. 

{Correlation of clastic rocks, with particular reference to the Cam- 
brian.] Fifth International Geologic Congress, Washington, 1891. 
Compte rendu, pages 168-170. 

Discussion of paper by J. W. Spencer, “Terrestrial submergence south- 
east of the American Continent.” Bulletin of the Geological Society 
of America, volume 5, 1893, page 22. 

Silurian vertebrate life at Canyon City. Congrés Géologique inter- 
national. Compte rendu de la 5me session, Washington, pages 427- 
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session, Washington, pages 459-463. 

Geologic time, as indicated by the sedimentary rocks of North Amer- 
ica. Journal of Geology, volume 1, pages 639-676, map. American 
Geologist, volume 12, pages 343-368, map. American Association for 
the Advancement of Science, Proceedings, volume 42, pages 129-169, 
map. Smithsonian Institution, Annual Report for 1893, pages 301- 
334. Abstract in Science, volume 22, page 104. 

Report of Mr. C. D. Walcott, Division of Paleontology, United States 
Geological Survey, Fourteenth Annual Report; J. W. Powell, Di- 
rector; for 1892-1893, pages 252-255. 

Pre-Cambrian igneous rocks of the Unkar terrane, Grand Canyon of 
the Colorado, Arizona; with notes on the petrographic character of 
the lavas, by J. P. Iddings. United States Geological Survey, Four- 
teenth Annual Report, part 2, pages 497-524, map. 

Paleozoic intraformational conglomerates. Bulletin of the Geological 
Society of America, volume 5, pages 191-198, plates 5-7. Abstract 
in American Geologist, volume 13, page 147. 

On the occurrence of Olenellus in the Green Pond Mountain series of 
northern New Jersey, with a note on the conglomerates. American 
Journal of Science, third series, volume 47, pages 309-311. 

Note on some appendages of the trilobites. Biological Society of Wash- 
ington, Proceedings, volume 9, pages 89-97, plate 1. Geological Maga- 
zine, fourth series, volume 1, pages 246-251, plate 8. 

Discovery of the genus Oldhamia in America. United States National 
Museum, Proceedings, volume 17, pages 313-315. 

Notes on the Cambrian rocks of Pennsylvania, from the Susquehanna 
to the Delaware. American Journal of Science, third series, volume 
47, pages 37-41. 

The Appalachian type of folding in the White Mountain Range of 
Inyo County, California. American Journal of Science, third series, 
volume 49, pages 169-174. Abstract in Science, new series, volume 1, 
page 58. 

The United States Geological Survey (presidential address before 
yeological Society of Washington). Popular Science Monthly, vol- 
ume 46, pages 479-498. Also published by the Geological Society of 
Washington, March, 1895, pages 3-24. 
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Algonkian rocks of the Grand Canyon of the Colorado. Journal of 
Geology, volume 3, pages 312-330, map. 

Lower Cambrian rocks in eastern California. American Journal of 
Science, third series, volume 49, pages 141-144. 

The United States Geological Survey and its methods of work. En- 
gineers Club of Vhiladelphia, Proceedings, volume 12, pages 44-61, 
plates 5. 

Report of Division of Geology and Paleontology. Fifteenth Annual 
Report of the Director of the United States Geological Survey, J. W, 
Powell, 1893-1894, pages 129-144. 

The Cambrian rocks of Pennsylvania. United States Geological Sur- 
vey Bulletin 154, 43 pages, map, plates 1-15. 
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National Museum, Proceedings, volume 18, pages 611-614, plates 
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can Institute of Mining Engineers, Transactions, volume 26. pages 
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Sixteenth Annual Report of the Director of the United States Geo- 
logical Survey, for the year 1894-1895, part 1, pages 1-150. 

Seventeenth Annual Report of the Director of the United States Geo- 
logical Survey, for the year 1895-1896, part 1, pages 1-200. 

The post-Pleistocene elevation of the Inyo Range, and the lake beds 
of Waucobi embayment, Inyo County, California. Journal of Geology, 
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fambrian Brachiopoda; genera /phidea and Yorkia, with descriptions 
of new species of each, and of the genus Acrothele. United States 
National Museum, Proceedings, volume 19, pages TOT-718, plates 59-60. 

Note on the genus Lingulepis. American Journal of Science, fourth 
series, volume 3, pages 404-405. 

Righteenth Annual Report of the Director of the United States Geo- 
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United States forest reserves. Popular Science Monthly. volume 52, 
pages 1-13. 

Report of the region south of and adjoining the Yellowstone National 
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fifth Congress, third session, pages 3-6. 
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States Geological Survey. Senate Document Number 40, Fifty-fifth 
Congress, third session, pages 2-12. 
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Nineteenth Annual Report of the Director of the United States Geo- 
logical Survey, for the year 1897-1898, part 1, pages 11-145. 

Cambrian fossils [of Yellowstone National Park]. United States Geo- 
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Twenty-first Annual Report of the Director of the United States Geo- 
logical Survey, for the year 1899-1900, part 1, pages 11-204. 

Cambrian Brachiopoda: Obolella, subgenus Glyptias; Bicia; Obolus, 
subgenus Westonia; with descriptions of new species. United States 
National Museum, Proceedings, volume 23, pages 669-695. 
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MEMORIAL OF STUART WELLER? 
BY THOMAS C. CHAMBERLIN AND RAYMOND C, MOORE 


Stuart Weller was both the architect and the builder of a life edifice 
that is at once solid and imposing. He was a steadfast seeker of truth, 
an inspiring teacher, a wise counselor, a man of peace, but armed to 
defend what he believed the right, a true homemaker, and a useful 
citizen. Long before the anticipated time for the closing of his records, 
however, he has suddenly been cut off, and the loss by his going is of 
such magnitude that appraisal fails. 

Weller’s scientific career followed no haphazard lines; there were no 
chance angles or erratic curves. He followed a determined course, 
Born in a home of more than ordinary culture and learning, he was 
nurtured in early boyhood amid surroundings whose inspiration has 
given to America many a leader in natural science. There appeared 
almost from the beginning a definite -direction to the interests and 
aspirations of this explorer of the ancient mysteries of life. When later 
the task of construction was really begun, it appeared that as a builder 
he was not only an industrious artisan, but a painstaking, skilled crafts- 
man. The foundations were not rough hewn and quickly laid; they 
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were made of stones carefully trimmed and trued, each set securely 
in its place. Gradually, as the walls rose, the nobility of the growing 
structure: became increasingly evident. But, alas, it stands unfinished, 
for the trowel has fallen from the workman’s hand. Our only con- 
solation lies in the hope that younger hands, trained to his method and 


inspired by his spirit, will complete the work so well begun. 


The researches of Professor Weller centered on the Paleozoic prob- 
lems of the great interior basin of North America, a region that offers 
some of the most prolific testimony of early faunal evolution and in- 
triguing problems of stratigraphic development to be found on our 
planet. Early in his work he made notable contribution to knowledge 
of the intercontinental relations of Paleozoic life, describing peculiarly 
specialized echinoderms and other forms that occur in the Silurian of 
Iowa and Indiana and are found also in rocks of the Baltic region of: 
Europe. He investigated the evidences of Ordovician and Silurian 
faunas in the high latitudes of America and pointed out the probable 
routes and conditions of faunal migration, his conclusions being abun- 
dantly supported by the results of studies by other workers. In the 
Mississippian rocks, to which were devoted the greatest efforts of his 
productive years, he also found and gave clear exposition of faunal 
evidence connecting the Mississippi Valley with parts of the old world. 

Professor’s Weller’s paleontologic and stratigraphic investigations of 
the Mississippian are chiefly devoted to the lower, or Kinderhook, and 
the upper, or Chester, divisions. His first scientific paper, published 
in 1895, dealt with problems of interpretation of Kinderhook strata sur- 
rounding the Ozark region of Missouri, and there followed between the 
years of 1899 and 1909 a series of Kinderhook Faunal Studies that 
served largely to lay the foundation for detailed research on the beds 
of this group. The last fifteen years of his life were almost entirely 
devoted, so far as scientific researches are concerned, to the elucidation 
of the rich faunas and remarkable stratigraphic development of the 
Chester beds in the Mississippi Valley, most of the work being done 
first in Illinois and Missouri and later in Kentucky. Important pub- 
lications covering studies in this field have appeared from time to time, 
but the intervention of death has prematurely brought to a close the 
basic detailed labors that had been planned and has prevented the 
synthetic consideration and rounding out of the investigation as a whole 
to which we looked forward. Not only is the vast knowledge of Chester 
life that had been accumulated by Professor Weller of intrinsic interest 
and value, but understanding of this subject is most important in attack- 
ing problems of the faunal record in the gradually vanishing continental 
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seas of the succeeding Pennsylvanian and Permian periods. The com- 
pletion of work on the Chester faunas would have enriched paleontologie 
literature greatly. The economic importance of the stratigraphic in- 
vestigations in this field is very great, for only with the mastery of 
Chester faunas and the painstaking care and technique that were Pro- 
fessor Weller’s could the complex fault mosaic of mineral-bearing dis- 
tricts in southern Illinois and western Kentucky be worked out. 

Two works of special value to students of the Carboniferous are Pro- 
fessor Weller’s bibliographic index of North American Carboniferous 
invertebrates, published by the United States Geological Survey, and 
his Mississippian Brachiopoda of the Mississippi Valley Basin, issued 
as the first monograph of the Illinois Geological Survey. These con- 
tributions, not to mention other of his major writings, indicate his 
energy and industry. The index of invertebrates: has been kept up to 
date, and it is to be hoped that publication can be arranged soon, for 
research activities of the thirty years since it was first set in type have 
vastly increased its scope. This publication is especially desirable in 
view of the intensive paleontologic study of Carboniferous strata now 
being undertaken in connection with economic development of the Mid- 
Continent and other regions and the general unavailability of the earlier 
index, 

~The monographie study of the Mississippian Brachiopoda is an in- 
valuable tool to students of Lower Carboniferous faunas. It is, how- 
ever, simply an indication of what might have been expected as Pro- 
fessor Weller’s broad knowledge of other biologic divisions of the faunas 
came to be assembled and set down. 

The scientific investigations of Professor Weller were by no means 
limited to the Mississippian or to the stratigraphy and areal geology 
of portions of the Mississippi Valley. Studies on the intercontinental 
relations of the Silurian. faunas have already been mentioned. His 
writings include, beside detailed faunal description of the Silurian in 
Illinois, works on Devonian and Coal Measures fossils in this region. 
One of his major contributions was to the paleontology of New Jersey, 
a large volume on the Paleozoic faunas appearing in 1903 and a much 
larger one on the Cretaceous faunas in 1907. Related to these en- 
deavors outside his chosen special field are numerous shorter strati- 


graphic and faunal papers. 

From the beginning of his association with the newly organized De- 
partment of Geology at the University of Chicago, Professor Weller 
enjoyed an atmosphere of sympathetic companionship in inquiry. Here 
his workshop was amid the boxes containing the riches of the great 
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Paleozoic collections of Hall, Gurley, and others. From his laboratory 
he was called by the official geological surveys in Illinois, Missouri, Iowa, 
Kentucky, and New Jersey, which sought his skill and good judgment 
in the solution of their Paleozoic problems. This gave him opportunity 
to broaden his personal observations and deepen his insight. For more 
than thirty vears he held an appointment as Geologist on the staff of 
the United States Geological Survey. 

Stuart Weller’s life draws admiration not only by reason of his per- 
sonal record of scientific researches of high order, but because of his 
marked ability as a teacher. To inspire and to guide the enthusiastic 
endeavor of a younger generation of workers in unending quest for 
knowledge that in turn begets this same fervor in those who follow 
after them is to live on and on. As the germ plasm knows no death, 
so the spiritual and mental substance transmitted from earnest teacher 
to eager student does not pass away; but, like fire passed from torch to 
torch, it ever forms a widening, enduring circle of light. Professor 
Weller’s success as a teacher grew naturally out of his love for his 
science and his deep interest in the personalities of his students. With- 
out exception, each was soon his friend. The method of teaching was 
direct and simple. From the outset the students were led to make 
independent, careful observation of fossils and to describe what they 
saw. For questions of the beginner or conferences with the advanced 
student, time was never limited to designated class or laboratory hours. 
For the practical field training of students Professor Weller chose a 
rare spot on the outskirts of the Ozarks, in Sainte Genevieve County, 
Missouri, rich in problems of physical and paleontologic geology. By 
the generosity of one who had received inspiration from him, this be- 
came in later years a permanent possession, specially equipped for 
comfort and service, and there his close contact with a loved phase of 
nature and with young eager minds gave him great satisfaction. In 
the intimate and continuous contacts of this work he came to know 
his students best and to influence them most. The development of the 
work at this field station was his special pride, and his last class there 
was one of the largest and best in its history. Professor Weller’s work 
as a teacher is suggested, but is only partly indicated, by the state- 
ment that of the ninety-two doctors of philoscphy graduated in geology 
from the University of Chicago to 1927, nineteen submitted theses in 
invertebrate paleontology, and the work of thirty-four were more or 
less importantly related to this field. It is especially pleasing to note 
that one of the last of these young doctors is Professor Weller’s own 
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son, James Marvin Weller, who is now engaged in the study of Car- 
boniferous paleontology for the State Geological Survey of Illinois. 

Professor Weller was a man of peace, but strong to defend what he 
believed the right. His relations with his colleagues were unusually 
happy and were singularly free from jealousies or animosities of either 
a personal or professional sort. In certain conclusions resulting from 
his studies in the Carboniferous he disagreed more or less sharply with 
another distinguished observer, but at no time was his attack aeri- 
monious. No man was his enemy; on the other hand, there was none 
but was his friend. His personal charm and the kindliness of his 
spirit made it a pleasure to work with him and to know him. 

In his home life Professor Weller was especially happy, and in this 
respect, in his general activities at the University of Chicago, and in 
his participation in numerous worth-while organizations and enterprises 
outside the sphere of his immediate scientific work, he deserves the 
encomium of useful citizen. From many angles his death constitutes 
a loss that is irreparable. 

Stuart Weller was born in the village of Maine, Broome County, 
southeastern New York, December 26, 1870. His father was a Con- 
gregational clergyman trained in the seminary at New Haven. When 
Stuart was twelve years old the family moved to Springfield, Missouri, 
on the southwest flank of the Ozarks, and here the lad secured early 
schooling in Drury College. The region about Springfield is an un- 
usually varied and attractive country of fertile plains and rough wood- 
lands; rock exposures are rather common and some of the formations 
are very fossiliferous. Encouraged by the professor of sciences at Drury, 
Prof. Edward Shephard, who has subsequently served for many years 
on the Board of Managers of the Missouri Bureau of Geology and 
Mines, young Weller became very much interested in this out-of-door 
world about him, working first in botany and later in the collection 
of fossils. Through acquaintance with a geologist of the United States 
Geological Survey he had opportunity to go on a field trip that aroused 
deep fascination in the study of geology. Continuing his collection of 
fossils with new ardor, he decided to fit himself for a career in this 
field of science. In 1891 he entered Cornell University, and while 
serving as museum assistant in paleontology, and later as assistant in 
geology, he was able by his industry to complete his undergraduate 
work in three years. In 1894 he was enrolled as fellow in geology 
at Yale, but the following year was called to the newly organized De- 
partment of Geology at the University of Chicago. Starting here as 


an assistant, he rose through the various academic grades to a full pre 
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fessorship in 1915. In 1901 he received the degree of doctor of phi- 
losophy at Yale. 

In his earlier years at the University of Chicago, Professor Weller 
was necessarily confined to rather limited space for laboratory and 
working collections, since the entire Department of Geology was then 
housed in Walker Museum. However, when Rosenwald Hall was com- 
pleted, in 1915, commodious quarters became available for teaching and 
research in paleontology and it was possible to undertake the task of 
arranging properly the very large collection of invertebrate fossils. As 
director of Walker Museum, Professor Weller devoted much thought 
and energy to the preparation of paleontologic exhibits and to the or- 
vanization of the collections. 

In 1897 Professor Weller married Harriet A. Marvin, of Springfield, 
Missouri, and to them were born three fine sons 





James Marvin, Chester 
Marean, and Allan Stuart. Mrs. Weller and these sons survive him. 

He was a Fellow of the Geological Society of America and of the 
American Association for the Advancement of Science. For many 
years he was a prominent member of the Paleontological Society and 
served as its President in 1926. He was President of the Illinois 
Academy of Sciences; he long held office as Secretary and in 1916 was 
Vice-President of the Chicago Academy of Sciences. He was a member 
of Sigma Xi, honorary scientific fraternity; Gamma Alpha, graduate 
scientific fraternity, and Kappa Epsilon Pi, professional geological 
fraternity. He held the position of an officer of the Illinois Chapter 
of the Sons of the Revolution. 

Death came most unexpectedly, from heart disease, on August 5, 1927, 
when, so far as known to anyone, he enjoyed utmost health and vigor. 
He had completed work with a field class in Sainte Genevieve County, 
Missouri, which occupied the early part of the summer, apd had gone 
to western Kentucky to continue field researches for the Kentucky 
Geological Survey. He became suddenly ill and died, near Salem, Ken- 
tucky, while en route by automobile to the train to join his family in 
Chicago. 

The funeral services—beautiful, simple—were held in the Joseph 
Sond Memorial Chapel, at the University of Chicago. They were con- 
(ueted by his former pastor, Prof. Theodore G. Soares, of the Divinity 
School. It was our privilege to join the few colleagues and former 
students and the many friends who were able to be present in the pay- 
ment of heart-felt tribute at these last rites, but some of his closest 
friends were far away. A host shares the sorrow of his going. Tributes 


to his character have come not only from professional associates, but 
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from the trades people and farmers in the localities where he collected 
fossils and carried on field studies. In one German Catholic community 
where he was much beloved, his humble friends gathered in the Catholic 
church for a special service, in which they prayed for the repose of 
the soul. The unusually deep regard in which he was held by his fel- 
lows in geologic study was indicated by the holding of a special memorial 
service in his honor by the Association of American State Geologists 
in a largely attended meeting at Urbana, Illinois, in October of this 
year. The loss that we all feel does not dim—rather, it makes clearly 
revealed—the enrichment of geologic science and the added joy of com- 
panionship in research that have come through the life of Stuart Weller. 
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Correlation of the Devonian faunas in southern Illinois. Journal of Geology, 
volume 5, 1897, pages 625-635. 

On the presence of problematic fossil Meduse in the Niagara limestone of 
northern Illinois. Journal of Geology, volume 5, 1897, pages 744-751. 

Cryptodiscus Hall. Journal of Geology, volume 5, 1897, pages 803-808. 

A bibliographic index of North American Carboniferous invertebrates. United 
States Geological Survey, Bulletin 153, 1898, 653 pages. 

Description of a new species of Hydreionocrinus from the Coal Measures of 
Kansas. Transactions of the New York Academy of Sciences, volume 
16, 1898, pages 372-374. 

Classification of the Mississippian Series. Journal of Geology, volume 6, 
1898, pages 303-314, maps. 

Descriptions of Devonian crinoids and blastoids from Milwaukee, Wiscon- 
sin. Annals of the New York Academy of Science, volume 11, 1898, 
pages 117-124. 

Osage vs. Augusta. American Geologist, volume 22, 1898, pages 12-16. 

The Silurian fauna interpreted on the epicontinental basis. Journal of 
Geology, volume 6, 1898, pages 692-703, maps. 

Kinderhook faunal studies. 1, The fauna of the vermicular sandstone at 
Northview, Webster County, Missouri. Transactions of the Academy 
of Science of Saint Louis, volume 9, 1899, pages 9-51. 

A peculiar Devonian deposit in northeastern Illinois. Journal of Geology, 
volume 7, 1899, pages 483-488. 

A century of progress in paleontology. Journal of Geology, volume 7, 1899, 
pages 496-508. 
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Kinderhook faunal studies. 2, The fauna of the Chonopectus sandstone at 
Burlington, Iowa. Transactions of the Academy of Science of Saint 
Louis, volume 10, 1900, pages 57-129. 

Report on the fossils from Wichita Mountains. Bulletin of the Geological 
Society of America, volume 11, 1900, pages 142-144. 

A preliminary report on the stratigraphic paleontology of Walpack Ridge, 
in Sussex County, New Jersey. Annual Report for 1899 of New Jersey 
Geological Survey, 1900, pages 1-46. 

Descriptions of Cambrian trilobites from New Jersey, with notes on the 
age of the magnesian limestone series. Annual Report for 1899 of New 
Jersey Geological Survey, 1900, pages 47-53. 

The paleontology of the Niagaran limestone in the Chicago area; the 
Crinoidze. Chicago Academy of Sciences, later Natural History Survey, 
Bulletin, volume 4, 1900, pages 1-153. 

The succession of fossil faunas in the Kinderhook beds at Burlington, Iowa. 
Iowa Geological Survey, volume 10, 1900, pages 59-79. 

The Gurley collection of fossils. Journal of Geology, volume 8, 1900, pages 
74-75. 

Correlation of the Kinderhook formations of southwestern Missouri. Journal 
of Geology, volume 9, 1901, pages 130-148. 

(With H. B. Kummel.) Paleozoic limestones of Kittatinny Valley, New 
Jersey. Bulletin of the Geological Society of America, volume 12, 1901, 
pages 147-164, map. 

(With J. P. Smith.) Prodromites, a new ammonite genus from the Lower 
Carboniferous. Journal of Geology, volume 9, 1901, pages 255-268. Con- 
tributions to Walker Museum, volume VI, number 2. 

A preliminary report on the Paleozoic formations of the Kittatinny Valley 
in New Jersey. Annual Report for 1900 of New Jersey Geological Sur- 
vey, 1901, pages 1-8. 

Kinderhook faunal studies. 3, The faunas of beds number 3 to number 7, at 
Burlington, Iowa. Transactions of the Academy of Science of Saint 
Louis, volume 11, 1901, pages 147-214. 

The composition, origin, and relationships of the Corniferous fauna in the 
Appalachian province of North America. Journal of Geology, volume 
10, 1902, pages 423-432. 

(With H. B. Kummel.) The rocks of the Green Pond Mountain region. 
Annual Report for 1901 of New Jersey Geological Survey, 1902, pages 
1-51. 

Crotalocrinus cora (Hall). Journal of Geology, volume 10, 1902, pages 
552-534. 

The Stokes collection of Anarctic fossils. Journal of Geology, volume 11, 
1903, pages 413-419. Contributions to Walker Museum, volume VI, num- 
ber 5. 

The Paleozoic faunas. New Jersey Geological Survey, Paleontology, volume 
5, 1908, 462 pages. 

Classification of the upper Cretaceous formations of New Jersey. (Abstract.) 
American Geologist, volume 35, 1905, pages 176-177. Bulletin of the 
Geological Society of America, volume 16, 1906, page 579. 
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Fauna of the Cliffwood clays. (Abstract.) American Geologist, volume 35, 
1905, page 179. Bulletin of the Geological Society of America, volume 
16, 1908, page 580. 

The classification of the upper Cretaceous formations and faunas of New 
Jersey. Annual Report for 1904 of New Jersey Geological Survey, 1905, 
pages 145-159. Journal of Geology, volume 13, 1905, pages 71-84. 

A fossil starfish from the Cretaceous of Wyoming. Journal of Geology, 
volume 13, 1905, pages 257-258. 

Paraphorphynchus, a new genus of Kinderhook Brachiopoda. Transactions 
of the Academy of Science of Shint Louis, volume 15, 1905, pages 259-264, 

The fauna of the Cliffwood, New Jersey, clays. Annual Report for 1904 of 
New Jersey Geological Survey, 1905, pages 131-144. Journal of Geology, 
volume 13, 1905, pages 324-337. 

The northern and southern Kinderhook faunas. Journal of Geology, volume 
13, 1905, pages 617-634. 

The geological map of Illinois. Bulletin of Illinois Geological Survey, volume 
1, 1906, 26 pages, map. (Rev. J. D. Irving, 1906.) Second edition, Bul- 
letin, volume 6, 1907, 34 pages, map. 

Kinderhook faunal studies. 4, The fauna of the Glen Park limestone. Tran- 
sactions of the Academy of Science of Saint Louis, volume 16, 1906, 
pages 435-471. 

Geologic structure of the State of Illinois. Bulletin of Illinois Geological 
Survey, volume 2, 1906, pages 21-22. 

The paleontoiogy of the Niagaran limestone in the Chicago area; the Trilo- 
bita. Chicago Academy of Science, later Natural History Survey, Bul- 
letin, volume 4, 1907, pages 161-281. 

Descriptions of new species of Ordovician fossils from China. United States 
National Museum, part 32, 1907, pages 557-563. 

Notes on the geology of southern Calhoun County, Illinois. Illinois Geo- 
logical Survey, Bulletin, volume 4, 1907, pages 219-233. 

The pre-Richmond unconformity in the Mississippi Valley. Journal of 
Geology, volume 15, 1907, pages 519-525. 

A report on the Cretaceous paleontology of New Jersey, based upon the 
stratigraphic studies of George N. Knapp. New Jersey Geological Sur- 
vey, Paleontology series, volume 4, 1907, 1106 pages. 

The geological map of Illinois. (Abstract.) Illinois Geological Survey, Bul- 
letin, volume 8, 1908, pages 41-47. 

The Salem limestone. Illinois Geological Survey, Bulletin, volume 8, 1908, 
pages 81-102. 

The Mississippian section in Illinois. (Abstract.) Science, new series, volume 
27, 1908, page 726. 

Correlation of the Middle and Upper Devonian and the Mississippian faunas 
of North America. Journal of Geology, volume 17, 1909, pages 257-285. 

Kinderhook faunal studies. 5, The fauna of the Fern Glen formation. Bul- 
letin of the Geological Society of America, volume 20, 1909, pages 265- 


332. 
Description of a Permian crinoid fauna from Texas. Journal of Geology, 
volume 17, 1909, pages 623-635. 
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The fauna of the Fern Glen formation. (Abstract.) Science, new series, 
volume 29, 1909, page 636. 

Internal characters of some Mississippian rhynchonelliform shells. Bulletin 
of the Geological Society of America, volume 21, 1910, pages 497-516. 
Are the fossils of the dolomites indicative of shallow, highly saline, and 
warm-water seas? Bulletin of the Geological Society of America, volume 

22, 1911, pages 227-231. 

Genera of the Mississippian loop-bearing Brachiopoda. Journal of Geology, 
volume 19, 1911, pages 439-448. 

Stratigraphy of the Chester group in southwestern Illinois. Transactions of 
the Academy of Sciences, volume 6, 1913, pages 118-129. 

A report on Ordovician fossils collected in eastern Asia in 1903-1904. Re- 
search in China, volume 3, 1913, pages 279-294. 

The Mississippian Brachiopoda of the Mississippi Valley basin. Monograph of 
the Illinois Geological, Survey, volume 1, 1914, 508 pages. 

Western extension of some Paleozoic faunas in southeastern Missouri. (Ab- 
stract.) Bulletin of the Geological Society of America, volume 25, 1914, 
pages 135-136. 

Anticlinal structure in Randolph County (Illinois). Illinois Geological 
Society, Bulletin, volume 31, 1915, pages 69-70, map. 

(And F. M. Van. Tuyl.) The Sainte Genevieve formation and its stratigraphic 
relations in southeastern Iowa. Proceedings of the Iowa Academy of 
Science, volume 22, 1915, pages 241-247. Abstract, Science, new series, 
volume 41, 1915, page 950. 

Atactocrinus, a new crinoid genus from the Richmond of Illinois. “Chicago 
University, Walker Museum, Contributions, volume 1, 1916, pages 239-241. 

Description of a Sainte Genevieve limestone fauna from Monroe County, IIli- 
nois. Chicago University, Walker Museum, Contributions, volume 1, 
1916, pages 243-264. 

Stratigraphic and faunal succession of the Chester group in Illinois and Ken- 
tucky. (Abstract.) Bulletin of the Geological Society of America, vol- 
ume 27, 1916, page 156. 

Former extension of the Devonian formations in southeastern Missouri. (Ab- 
stract.) Bulletin of the Geological Society of America, volume 27, 1916, 
page 160. 

Henry Shaler Williams, 1847-1918. Journal of Geology, volume 26, 1918, 
pages 698-700. 

The geology of Hardin County and the adjoining part of Pope County (Illi- 
nois) (with collaboration of Charles Butts, L. W. Currier, and R. D. 
Salisbury). Illinois Geological Survey, Bulletin, volume 41, 1920, 416 
pages, 30 figures, 11 plates. 

The Chester series in Illinois. Journal of Geology, volume 28, 1920, numbers 
4 and 5, pages 281-303, 395-416. 

The Chester series in Illinois. (Abstract.) Science, new series, volume 51, 
May 14, 1920, page 494. 

Fossils as aids in teaching stratigraphy, or applied paleontology. Bulletin 
of the Geological Society of America, volume 31, 1920, pages 383-388. 
Geology of the Golconda Quadrangle. Kentucky Geological Survey, series 6. 

volume 4, 1921, 148 pages, figure. 
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Oil and Gas possibilities in Caldwell County, Kentucky. Kentucky Geological 
Survey, series 6, volume 6, 1921, pages 221-231, 2 figures. 

Some events in the geological history of Illinois. Illinois State Academy of 
Science Journal, volume 14, 1921, pages 21-35. 

Geology of the Princeton Quadrangle, with map. Kentucky Geological Survey, 
series 6, volume 10, 1923, illustrated. 

A new type of Silurian worm. Journal of Geology, volume 33, 1925, pages 
540-544. ' 

Faunal zones in the standard Mississippian section. Journal of Geology, 


volume 34, 1926, pages 320-335. 

Fossil collecting in the Mississippian formations of the Mississippi Valley, 
Natural History, volume 26, 1926, pages 486-495. 

The making of southern Illinois. Illinois State Academy of Science Journal, 
volume 19, 1926, pages 27-49, Third Geological Survey Educational Bul- 


letin 1, 1927. 

Geology of the Cave-in-Rock Quadrangle. Kentucky Geological Survey, series 
6, volume 26, paper number 1, 1927, pages 1-128. 

Paleontology and Human Relations. Bulletin of the Geological - Society of 


America, volume 38, 1927, pages 275-286. 
IN MANUSCRIPT 


(And Saint Clair.) .Geology of Sainte Genevieve County, Missouri. 
Libliographic index of North American Carboniferous invertebrates. 


UNFINISHED PAPERS 


Monograph on the Chester Series in the Mississippi Valley area of Illinois and 
Missouri. 

Monograph on the Chester Series in southern Illinois. 

Monograph on the Chester Gastropods of the Mississippi and Ohio valleys. 

Fauna of the Marigold Oolite member of the Okaw limestone. 

Fauna of the Camp Creek bed of the Okaw limestone. 

Bibliographic index of North American Devonian invertebrates. 


MEMOIR OF ISRAEL C. WHITE? 
BY HERMAN L, FAIRCHILD 


Many geologists win scientific recognition. Rarely one acquires 
wealth. Through native ability, good training, and noble character, 
Doctor White achieved both fame and fortune in eminent degree, and his 
highest honor was in the admiration and affection of the people of his 
home city and State of West Virginia. 

The Geological Society will hold in grateful remembrance his long 
fellowship and services. He was one of the intrepid band that launched 
the Geological Society of America caravel on uncharted seas. For fif- 
teen of the earliest years of the Society he collected and wisely conserved 





1 Manuscript received by the Secretary of the Society February 11, 1928. 
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its funds as Treasurer. In 1920 he was its President, and he continued 
an active participant in the meetings of subsequent years. 

The writer’s acquaintance with Doctor White began at the initial 
meeting of the Society, in December, 1888. He became Treasurer at 
the close of the annual meeting of 1891, and during the subsequent 
fifteen years our intimate association in the immediate direction of the 
affairs of the Society produced appreciation of his fine qualities of mind 
and character and a lasting friendship. His passing leaves the writer 
as the only surviving member of the original group of thirteen. 

As a result of the economical conduct of the Society’s affairs, Doctor 
White was able, with judicious investment, to build up a permanent 
(“Publication”) fund of over ten thousand dollars. The chief expense 
of administration was the publication of the handsome Bulletin, then, 
as now, so admirably edited by Joseph Stanley-Brown. The direct in- 
come was only the dues from the small membership, which had reached 
only 245 in 1907, and the moderate return from the sale of the Bulletin. 
A fact not generally known should now be told. Doctor White made.a 
gift to the Society not only of the services of his office, but also of all the 
expenses of the treasurership, in clerical work, stationery, and postage, 
during his incumbency. Requests for his expense accounts were always 
ignored. He had pleasure in service, and the Geological Society was his 
special pride and interest. 

Israel C. White was a native of old Virginia, of English descent. His 
first American ancestor, Stephen White, arrived in Baltimore County, 
Maryland, in 1639. His father, Michael White, was one of a pioneer 
family of eleven children. His mother, Mary Ann Russell, was of 
Scotch-Irish and Pennsylvania German stock. His forbears were with 
Washington at Brandywine and Valley Forge, and he was enrolled in 
the Sons of the American Revolution. 

Doctor White was born November 1, 1848, being the youngest of 
three boys, and with two sisters. The old home, built in primeval forest, 
was in the Battelle District of Monongalia County. His father was a 
farmer and one of the commissioners who, after the formation of the 
State of West Virginia, divided the county and named the district. 

His boyhood was spent on the farm, and his early education was in 
the subscription schools which preceded the public school system. Some 
incidents of his boyhood have been kindly furnished by the surviving 
eldest brother, ex-Senator H. 8S. White, with the West Virginia State 
Highway Commission. He writes: 


“Israel was a reserved and studious bey and efficient in all of his work. 
From the age of eight or nine years he was a persistent collector of fossils, 
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. 
In 1861 he went to school to me, three miles away, over one mountain and 
up another, or sometimes a little longer route down one creek and up another; 
but Israel was always behind, hunting specimens along the streams. 

“In the university he demurred to the requirement to learn farming, claim. 
ing that he was already a graduate farmer, having begun farm work by 
planting corn, with a red string on his right big toe, when he was eight years 
old, and finishing with sowing of wheat, by hand broadcasting, when gs 
young that he carried in his sowing bag only a peck of the grain.” 





The fuller record of his early life probably would be only “the short 
and simple annals” of a normal youth in an American agricultural 
community. 

When the West Virginia University was opened, at Morgantown in 
1867, young White was one,of the entering class. In 1872 he received 
the A. B. degree and A. M. in 1875. At the time of his death he was 
the oldest living alumnus of his alma mater. 

White’s early interest in geology became his life work through associ- 
ation with John J. Stevenson, the professor of geology at the university. 
He began his field-work in geology during the summer of 1875 as aid 
to Stevenson, who was Assistant Geologist on the Second Geological 
Survey of Pennsylvania (Lesley Survey). During the winter of 1875- 
1876 he did postgraduate work in Columbia University with Prof. J. 8. 
Newberry. 

The first summer’s work of the young geologist was so efficient that 
for the next season he was promoted to rank of full Assistant on the 
Pennsylvania Survey. Stevenson had pride in claiming, and justly, that 
he had discovered and inspired White and had initiated him in strati- 
graphic geology. The two ever remained very close friends. White's 
memoir of Stevenson covers pages 100-115 in volume 36 of this Bulletin. 

During the eight years of work on the Pennsylvania Survey White 
prepared eight volumes descriptive of the northern and central parts of 
the State. 

“While these reports were of a pioneer nature, in which he covered large 
territory in a limited time, their subject-matter was so carefully and pains- 


takingly secured, and the data so well analyzed and prepared, that they have 
become classic in the geologic literature of Pennsylvania” (David B. Reger): 


In 1877 White succeeded Stevenson as professor of geology in West 
Virginia University, and held the chair to 1892, when his professional 
and business interests required his whole attention. 

When the Pennsylvania Survey ended, in 1883, White became Assist- 
ant Geologist on the United States Geological Survey, during the years 
1884-1888. In this period he made a general survey of the coal fields 
of Pennsylvania, West Virginia, and Ohio, and his results were published 
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as Bulletin 65 of the United States Geological Survey, entitled “Stratig- 
raphy of the Appalachian coal fields.” This publication dealt especially 
with the bituminous areas of Pennsylvania and West Virginia and 
formed the basis for all subsequent and detailed work in those States. 

During the early eighties Doctor White became actively engaged in 
the geology of petroleum and was the first to make practical use of the 
anticlinal theory of gas and oil accumulation. 


“Guided by this principle, the writer pointed out and located all the great 
oil pools of West Virginia for a Pittsburgh syndicate in 1884-1885. long before 
the drill finally demonstrated the correctness of his conclusions.” * 


White’s discovery and development of the Mannington oil field was 
a great financial as well as scientific success, which laid the foundation 
of his large fortune. The history of the anticlinal theory and of the 
Mannington development was published by him in Science, June 26, 
1885; in extenso in the Bulletin of this Society, volume 3, pages 187-216, 
and in volume 1A of the West Virginia Geological Survey, 1904, pages 
52-54. 

During the vears from 1882 to 1921 the expert services of Doctor 
White were in great demand and he was employed, with large com- 
pensation, by the great petroleum and gas companies to examine and 
report on properties in Mexico, Texas, Louisiana, Arkansas, Oklahoma, 
and elsewhere. Some of the most productive oil wells of Mexico were 
located by him, including Cerro Azul number 4, which flowed 300,000 
barrels daily and was the largest ever drilled in the world. He was 
also employed to represent the oil interests in matters before the de- 
partments of the United States Government and the State courts. 

The regard in which Doctor White was held by the petroleum and 
mining interests and their confidence in his knowledge and probity is 
shown in the following incident. The Kay County Natural Gas Com- 
pany and the Marland Refining Company had planned for consolida- 
tion but could not agree on their respective valuations. In this im- 
passe they asked Doctor White to serve as sole arbitrator. He employed 
clerks to obtain impartial data and (in 1920) made a decision which 
was instantly and gladly accepted. His fee was in tens of thousands 
of dollars. 

During the years 1904-1906 he made a survey for the Government 
of Brazil of its coal and oil resources. His report was published in 
1908 as a quarto volume in both English and Portuguese. 

In 1908 he was selected for an address on “The waste of our fuel 


* West Virginia Geological Survey, volume 1A, page 54. 
IX—BvcLL. Grou. Soc. AM., Vou. 39, 1927 
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resources” at the first conference of State governors, called by Preg. 
dent Roosevelt. 


“In 1897 he advocated and secured the establishment of the West Vip. 
ginia Geological and Economic Survey, becoming State Geologist the same 
year, and so continuing for thirty years, until his death. During the first 
two years he was paid a small stipend, but for the remaining twenty-eight 
years he did his work as a gratuitous contribution to his native State, o 
the ground that he himself needed no salary, and that by its rejection he 
could employ a larger staff and accomplish an earlier study of the States 
resources. During his career as State Geologist he supervised the prepara. 
tion of a complete set of topographic maps, covering the entire State, and 
also a set of thirty-four geologic reports, of which he himself was the author 
of five, two of these being on oil and gas and three on coal” (David B. 
Reger, in The Black Diamond). 


In Doctor White’s case the seer was greatly honored in his own cow- 
try. The esteem in which he was held found frequent expression ip 
later vears in references to him as the “grand old man of Morgantown” 
and the “grand old citizen of West Virginia.” The term “oid” must 
have been used in endearment, for White was not so in appearance and 


manner and not in years, as great age is reckoned today. 

He was not indifferent to the laudation by his people, but had a normal 
pleasure in the good opinion of those who had known him and his 
conduct all his life. The writer occasionally received from him some 
magazine or newspaper article in his praise, to which he had attached 


some humorous and yet appreciative comment. 

Doctor White’s great wealth came wholly through his own efforts 
and intelligence, scientific knowledge, and wise investments. He very 
properly charged large fees for expert service, holding his knowledge 
at high value as against the money of purely commercial interests. He 
did not belittle geologic service by selling his opinion cheaply. 

Perhaps he was acquisitive in business, but certainly he was generous. 
In domestic, social, and civic relations he used his means lavishly but 
wisely. One of his first acts after he had made his initial “big strike’ 
by the development of the Mannington oil fields was the purchase of 
a considerable tract of land adjacent to the campus of the West Vir- 
ginia University, which the trustees of the university would not buy. 
On this he built a handsome and spacious residence for his growing 
family and a substantial office building. From this demesne he gave 
away and sold some acres, retaining the family home to the present 
time, although it, with the remaining land, was recently sold to the 
university for the sum of $125,000. 

He was a generous contributor to every good cause ; to all the churches, 
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benevolent, and civic organizations. It is thought that his known gifts 
approach in total one million dollars. The largest single item was the 
gift by himself and Mrs. White, in 1921, of the coal rights in 1,900 
acres of land in Marion County to the city of Morgantown for park 
and hospital purposes, and to the West Virginia University for the 
Department of Geology. The present value of the prospective royalties 
is estimated at $400,000, but if wisely handled it should realize in the 
future some millions. He also gave to the city a tract of valley land 
in East Morgantown as part of the Whitemoor Park. 

His holdings in Morgantown realty had been very large, and he was 
a “promoter,” in the best meaning of the term, of all that made for 
the healthy growth and prosperity of the city and the university. 

“In civic affairs he served as Vice-President for West Virginia of the 
International League for Highway Improvements; as President of the 
West Virginia Board of Trade; as President of the Morgantown Board of 
Trade; as Treasurer of the West Virginia University Stadium Corporation; 
and was actively concerned with the Monongalia County Hospital and the 
Monongalia Tuberculosis Sanitarium. To most of these enterprises he gave 
not only time, but large donations of money as well” (D. B. Reger, in 
The Black Diamond of December 10, 1927). 


The following quotations from the Morgantown newspapers of Novem- 
ber 25 and 26 will show not only Doctor White’s civic and business rela- 


tions, but the high regard of his home folk: 


“He was interested in the successful development of gas and oil fields, 
in coal and other minerals, in banking and manufacturing. His name and 
capital were associated with scores of Morgantown’s best and most sub- 
stantial enterprises. He was president and director of the Farmers and 
Merchants’ Bank; director of the Bank of Monongahela Valley; president 
of the Morgantown Brick Company for thirty-seven years, and an active 
stockholder in many other industries. 

“Few communities have been blessed with the long residence of a citizen 
so public-spirited and so able to carry out his impulses and plans as Doctor 
White. He never refused an opportunity to engage actively and give gener- 
ously for any public-welfare movement. His gifts to Morgantown and to 
the State have been of large proportions, not only in money and properties, 
but in service. Many of them are unknown, even to his intimates. 

He had a large part in the development of Morgantown and was a con- 
stant and powerful friend of the university. 

“He was associated with practically every worth-while movement in his 
home community, and his name usually spelled success for any undertaking. 


Not only was Doctor White’s connection and service sought by mining 
corporations and other large business interests, but he was also con- 
sulted on political affairs. He was urged to accept political office, and 
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if he had been minded to neglect his science and enter public service, 
possibly he might have had any office in the gift of his State. He 
had mental poise, excellent judgment, and far vision, with energy and 
moderate self-assertion, united to high ideals and integrity. His good 
balance in mentality had enabled him to win dame Fortune to his 
favor, and would have made him a successful and very useful officer 
of State and desirable leader of the people; but the devious ways of 
ordinary politics did not accord with his sincerity and devotion to 
truth. Not that he loved West Virginia less, but that he loved his 
scientific work and fellowship more. 

Doctor White’s personality was not marred by any vices. In habit 
and living he was a clean example. In physique he was fairly robust, 
with rotund countenance and fresh, even boyish, complexion. In tem- 
perament he was cheerful and often humorous. On occasion, partic 
ularly at the annual meetings of the Geological Society and surrounded 
by his friends, he made them the target for good-natured and painless 
persiflage. 

Modesty and lack of egoism was one of White’s admirable qualities, 
Even with his friends he rarely spoke of his personal affairs. Few of 
the Fellows of this Society who spent many days with him at the meet- 
ings had any conception of his wealth and important connections. Even 
the writer was not well informed and now tiods much of surprise in 
the facts imperfectly told, and untold, in this appreciation. While he 
was a man of large property and great influence in the business and 
civics of his State and in the coal and petroleum industry of America 
and Mexico, he yet remained the same quiet, affable, and unassuming 
friend that he had been in the former years, when his treasureship 
was only sighted in the offing. 

Another admirable and lovable quality, and one not too common, 
was his perfect sincerity and frankness. His conferees and_ helpers 
always knew his clear mind and could act with confidence. 

The writer is under pleasant obligation for assistance in this bio 
graphic sketch to Mr. David B. Reger, who for eighteen vears was 
associated with Doctor White in the work of the State Survey and 
during the later years has been the chief assistant. The following 
quotation is from his personal and requested reminiscences: 


“In his more general and social relations he was a suave and _ polished 
gentleman of simple manner and direct approach, seldom, if ever, resorting 
to mere authority to accomplish a purpose, and believing that the facts of 
a situation should eventually control it, provided they became known. In 
early life necessity compelled him to work both for his living and for recogni- 
tion in his chosen science. In middle life, after fortune and fame were 
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poth secure, he worked because he liked it, and sought increase in his 
wealth from the natural human desire for possession. Later, in the mellow- 
ing years of old age, he took an equally keen delight in the philanthropic 
disposal of perhaps a third of his entire wealth and in the use of nearly 
all his time for community enterprises. In some of these affairs he not 
only gave with great liberality, but also undertook the active campaigns 
for additional funds or financing, and there is little doubt that these efforts 
measurably shortened his life. 

“Doctor White had remarkably few weaknesses. His personal habits 
were temperate and even abstemious. He not only took great care of his 
own health and that of his immediate family, but also interested himself 


greatly in the well-being of his staff and his friends. . . . He was soue- 
what grudging, however, in the recognition of the work of others in projects 
on which he himself was concerned. . . . These weaknesses, if they 


may be called such, were looked upon by members of his staff as the foibles 
of an affectionate and benevolent chief, so completely overbalanced by other 
extraordinary qualities that they should be passed by with equanimity. 

“A summary of his character is not complete without reference to his 
willingness to do favors for those who asked them. It was his rule that 
requests or orders for publications and information should be scrupulously 
answered by the first possible mail, and in order to accomplish this he made 
literally thousands of trips to the postoffice or to the railroad station. . . . 
Also, he would search the world over to find positions for deserving young 
men and women who requested such favors; and when occasional retrench- 
ments became necessary in his staff he made sure that no worthy employee 
was allowed to go until a new position, equal or better than the last, had 
been found. An instance of his thoughtfulness in this regard is shown in 
the making of his will, wherein he definitely named as one of his three 
administrators, without bond, Mr. J. Lewis Williams, chief clerk of the 
Geological Survey, and also provided that he be made manager of the estate.” 


Numerous scientific societies held Doctor White’s membership, and, 
of course, he was drafted into all those devoted to economics and to 
hydrocarbon exploitation. He was a life-member of the Institute of 
Mining Engineers, and the American Philosophical Society claimed him 
as a contributing member. He was an early member of the Washing- 
ton Cosmos Club. He belonged to the Old Colony Club and the Rocky 
Mountain Club of New York. From 1920 to the time of his death 
he was president of the Morgantown Country Club and was active in 
the Kiwanis, having been one of its international trustees. 

Doctor White’s life work was the intensive study of the structure and 
resources of the Appalachian province centering in West Virginia, 
and the economic geology of the carbon minerals. The extended list 
of his writings, herewith appended, will show the intensity and com- 
pleteness of his work. His extensive and important research work for 


the oil and gas industry could not be published. 
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Outside his special field of Appalachian stratigraphy and occurrence 
of the hydrocarbons, he wrote but little. He was caught and held 
in the maelstrom of a great development in industrial geology. At 
the beginning of his career he became engrossed in the geologic prob- 
lems of his environment and very soon was absorbed in technical and 
exacting studies. Then came insistent demands for his skilled services 
in examination and report on valuable properties, and no time was 
left for excursions in other fields of scientific interest, however enticing, 

With his mental equipment, as shown in the quality of his writings, 
if he had been set in other environment and with less exacting employ- 
ment he might have won recognition in a more philosophic or theoretic 
branch of science. 

His intensive work in one branch of research certainly made for 
progress in economic geology and added greatly to the advantage of 
industry. No dilettante ranging over the high plateaus of science, with 
their glorious perspectives and personal spiritual uplift, could ever 
accomplish the great work, become the high authority and recognized 
expert, and the recipient of honors like I. C. White. 

The Quebec ice-sheet transgressed the northern part of White’s baili- 
wick, and some of his papers relate to glaciation. An example is his 
report G7 of the Pennsylvania Survey, 1883, on the Susquehanna 


Valley in Pennsylvania. He recognized glacial phenomena far south 
of the arbitrary line of the “terminal moraine,” but in deference to the 
authority of his seniors, and the Survey, he did not venture any cor- 


rection. 

White’s memoirs of James Macfarlane, Edward Orton, and John 
J. Stevenson are his finest nontechnical papers. 

In later years the investment of his accumulating funds and super- 
vision of his interests and their wise use in social betterment, along 
with the civie activities of his home city and his domestic contentment, 
might have occupied all of his time and thought, but up to the sudden 
close of his life he was active in scientific work and the State Survey. 

An active field geologist is not supposed to have much time for 
the joys of family life, and especially one who made both South and 
North America his workshop, but White’s great pride and pleasure was 
in his family. To his grandchildren he was an object of worship. 

Soon after leaving college, in 1872, White married Emma McClane 
Shay, a teacher in Morgantown. For two years they both were teachers. 
Mrs. White died in 1874, and a daughter by this marriage, Mrs. Emma 
Fisher, died some years ago. 

In 1878 he was married to Mary Moorhead, of Newcastle, Pennsyl- 
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vania. Of this union four children are living—Mrs. Claude W. Max- 
well, of Elkins; Mrs. H. P. Brightwell, of Charleston; Charles Steven- 
son White, purchasing agent for the New York Central lines, living 
near New York City; and Mrs. Mary Gertrude Wise, in Morgantown. 
The death, some years ago, of another daughter, Mrs. K. L. Kithil, was 
a great sorrow to the father. 

The second Mrs. White died in 1924, after which he married Mrs. 
Julia Posten Wildman, of Morgantown, who survives him. 

An older brother of Doctor White is yet living, ex-Senator H. 8. 
White, who is with the West Virginia State Highway Commission. 

On November 19, 1927, Doctor White penciled a letter to the writer, 
in his usual happy style, saying that he was going to Johns Hopkins 
Hospital for a minor operation for hernia, which he had long post- 
poned. The operation was successful, on November 22, and apparently 
he was recovering and was in a cheerful mood; but suddenly, soon 
after midnight of the 25th, he passed away from a cerebral hemorrhage. 
It was characteristic of him that, in reticence in personal matters and 
regard for happiness of others, even his family did not know how 
critical was his condition. 

Interesting details and illuminating incidents in the life of Doctor 
White not here included will be found in other memorial sketches in 


the scientific journals. 
The following summary of dates contains a few items not mentioned 
in previous pages. Professional, business, and civic activities are not 


included. 
Doctor Israel C. White, born November 1, 1848. 
died November 25, 1927. 
Farm life to 1867. 
In West Virginia University, 1867-1872. 
Captain of the University Cadet Corps, 1872. 
Degrees: A. B., West Virginia University, 1872. 
A. M., West Virginia University, 1875. 
LL. D., West Virginia University, 1919. 
PH. D., University of Arkansas, 1880. 
Se. D., University of Pittsburgh, 1922. 
Instructor in Kenwood School, New Brighton, Pennsylvania, 1872- 
1873. 
Geologie Aid to John J. Stevenson, on Pennsylvania Geological Sur- 
vey, 1875. 
Postgraduate student in Columbia University, 1875-1876. 
Assistant Geologist, Pennsylvania Geological Survey, 1876-1883. 
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Assistant Geologist, United States Geological Survey, 1884-1888, 

Professor of Geology, West Virginia University, 1877-1892. 

Treasurer, Geological Society of America, 1892-1907. 

On Jury of Awards, Columbian Exposition, 1893. 

Associate Editor, American Geologist, 1890-1905. 

State Geologist of West Virginia, 1897-1927. 

Delegate, International Geological Congress at Saint Petersburg, 
1897. 

Delegate, International Geological Congress at Paris, 1900. 

Chief Geologist, Brazilian Coal Commission, 1904-1906. 

Vice-President, American Association for the Advancement of 
Science; Chairman, Section E, Geology, 1906. 

Address at Conference of State Governors, 1908. 

President, Association of American State Geologists, 1913-1915, 

President, American Association of Petroleum Geologists, 1920. 

President, Geological Society of America, 1920. 
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planation of the geological features of the famous 300,000-barrel 
well, Cerro Azul, number 4, of the Mexican Petroleum Compeny, 
S85 miles south from Tampico. 
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ber 2, September, 1919, pages 17-22. 

The rapid exhaustion of Ohio’s natural gas resources and best plan 
for conserving the remainder. Ohio Gas and Oil Men’s Journal, 
November, 1919, pages 4-14. 

Report of Committee on Conservation. Proceedings of the Natural 
Gas Association of America, volume XI, pages 306-312; with dis- 
cussion by I. C. White, member of committee, pages 312-316. 

The rapid exhaustion of West Virginia’s natural gas supply and the 
best plan for conserving the remainder. Natural Gas Association 
of West Virginia, Wheeling, West Virginia, meeting, July 16-17, 
1919. 

Some results of deep drilling in the Appalachian oil and gas fields. 
(Abstract, with discussion by A: C. Lane.) Bulletin of the Geo- 
logical Society of America, volume 31, number 1, March 31, 1920, 
page 157. 
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Geographic distribution of sulphur in West Virginia coal beds. Ameri. 
can Institute of Mining and Metallurgical Engineers, Bulletin nop. 
ber 153, September, 1919, pages 2197-2206, 8 figures; Transactions, 
volume 65, 1920, pages 932-944, 8 figures; discussion, Mining ang 
Metallurgy, number 157, January, 1920, pages 51-53. 

The West Virginia Geological Survey (historical sketch, publications 
etcetera), petroleum, natural gas, elevations of county-seats, etcetera, 
West Virginia Legislative Hand Book and Manual and Officig) 
Register, by John T. Harris. Charleston, West Virginia, pages 
579-626. 

West Virginia coals. West Virginia Mining News, December 20, 192), 
pages 66, 45-47. 

The mineral resources of Monongalia and [Preston counties, West 
Virginia. 

Northern West Virginia coal fields. Special coal edition of the Fair. 
mont Times, Fairmont, West Virginia, November 23, 1920. 

Natural gas fields of eastern United States and their probable future 
life. Discussion of paper by W. Irwin Moyer. Proceedings of the 
fifteenth annual meeting, Natural Gas Association of America, 
volume XII, pages 60-65. 

Important epochs in the history of petroleum and natural gas. Bul 
letin of the Geological Society of America, volume 32, number 1 
March 31, 1921, pages 171-186. 

Mineral resources of Raleigh County. Written for Ralph C. Hess at 
his request and for Chamber of Commerce of Beckley, West Vir. 
ginia, June 27, 1921. 

Coals, Morgantown District, Monongalia and Preston counties, West 
Virginia. Morgantown Chamber of Commerce, Industrial and Busi- 
ness Survey of Morgantown District, pages 10-14. 

The West Virginia Geological Survey. (Summary of work done in 
1920 and 1921.) West Virginia Legislative Hand Book and Manual 
and Official Register, by John T. Harris. Charleston, West Vir 
ginia, pages 601-602. 

The fuel resources along the lines of the Virginian Railway in Wes 
Virginia. The Black Diamond, June 7, 1922. 

Personal reminiscences of work on the Second Geological Survey of 
Pennsylvania (series of 9 articles). Coal Industry, October, 192, 
to June, 1923. 

Cancellation of allies’ war debt to the United States of America. 
Wheeling, (West Virginia). Daily Intelligencer, November 3, 192 

Morgantown’s wealth of fuel. The Black Diamond, volume 71, nu 
ber 6, pages 178-179. 

West Virginia University of fifty to fifty-five years ago. Alumii 
Quarterly, West Virginia University, series 23A, March, 1923, pages 
9-20. 

The natural resources of West Virginia: The South’s development. 
Manufacturers’ Record, volume 86, number 24, part 2, December 
11, 1924, pages 432-434. 
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Oil and gas. West Virginia Legislative Hand Book and Manual and 
Official Register, by John T. Harris. Charleston, West Virginia, 
pages 423-430. : 

The coal fields of southwestern West Virginia. Huntington (West 
Virginia) Herald-Dispatch (special coal exposition number), about 
September 19, 1924. 

What service does Kiwanis accomplish for the individual. Morgan- 
town (West Virginia), Post, April 17, 1924. 

Memorial of John James Stevenson (with bibliography). Bulletin 
of the Geological Society of America, volume 36, pages 100-115. 

A short description of the coal resources along the line of the Morgan- 
town and Wheeling Railway, etcetera, July 17, 1926. 

The Pittsburgh coal bed in West Virginia, October 1, 1926. 

Clay resources of West Virginia. The Ceramist, Trenton, New Jersey, 
January, 1926, pages 254-260. 

Clay resources of West Virginia. The Manufacturers’ Record, Jan- 
uary 29, 1926. 

One bulletin, four general volumes, twenty-four county geological re- 
ports (published), two county reports (in press), and two county 
reports (in preparation), all prepared by members of West Vir- 
ginia Geological Survey staff under scientific and editorial super- 
vision of Dr. I. C. White. (These are in addition to the five volumes 
previously listed as prepared by himself.) 


PLACE OF PUBLICATION AND DATES UNKNOWN 


The romance of petroleum and natural gas in West Virginia. 

Materials for permanent road construction. 

Record and results of the deepest boring in West Virginia. 

Dr. Edward Orton's contributions to geology. 

Preston County bituminous coal field of West Virginia. 

Address before West Virginia State Editors’ Association, Morgantown, May 
12, 1899 or 1900. 

Some geological factors in the making of Wheeling. 

The oil and gas fields of West Virginia. 

General character of the West Virginia coals. 

Contribution to the early history of the Tuttle School, by I. C. White, its 
first teacher. 

Advice to young men who desire to get on in the world. 

Comparative geology of West Virginia and Pennsylvania: Series of articles 
written for Monongahela Valley Trade Journal. 

Business Men's banquet speech, delivered sometime previous to 1912. 

In memoriam: Dr. John J. Stevenson as a teacher in West Virginia University. 

Mineral resources tributary to Morgantown. 

Coal deposits of West Virginia. 


REPORTS OF OFFICIAL REPRESENTATIVES 


Dr. Frank D. Adams, chairman of the delegation sent to the Third 
» “2 +: 1 . * 2 
Pan-Pacific Science Congress, held in Tokyo, Japan, gave a brief account 
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of the meetings and commented on the accomplishments of the Cop. 
gress, submitting the following formal report: 


REPORT ON THE PAN-PACIFIC SCIENCE CONGRESS HELD IN TOKYO, IN 1926 
BY FRANK D. ADAMS 


The objects of the Pan-Pacific Science Congress are officially stated 
to be: 

1. The initiation and promotion of scientific problems relating to 
the Pacific region, more particularly those affecting the prosperity and 
well being of Pacific peoples. 

2. The strengthening of the bonds of peace among Pacific peoples 
by promoting the feeling of brotherhood among men of science and 
through them among the citizens in general of all the countries lying 
about the Pacific Ocean. 

The first meeting was held in Honolulu, Hawaii, in 1920; the second 
meeting was held in Australia in 1923; the third meeting was held in 
Tokyo in 1926. 

The Third Congress opened on October 30, 1926, in Tokyo and closed 
on November 11, 1926. 

At the opening of the Congress 565 members were present, of whom 
151 were from countries other than Japan. Twenty countries were 
represented in all. There were 44 delegates from the United State 
of America and five from Canada. Twenty-two sciences were repre- 
sented. Geology had a slight preponderance over the other sciences in 
the number of its delegates, 84 being present. 

In addition to the regular meetings of the whole Congress and of the 
several sections into which the Congress was divided, at which papers 
were read dealing with a very large number of subjects relating to the 
countries lying in and around the Pacific basin, a series of most inter- 
esting excursions were arranged, which enabled the delegates to visit 
all parts of Japan, from Hokkaido, in the north, to Kyushu, in the 
south. In company with everything else connected with the Congres, 
these excursions were admirably arranged and were most instructive 
Many of these papers and excursions were of especial importance to 
the geologists of the Association. The hospitality of the Japanese Gor- 
ernment and the private hospitality extended to the members of the 
Congress was unbounded. 

It was felt by all that this third meeting advanced in every way the 
objects for which the Association was established. 

At the closing meeting the Association was given a continued exist 
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ence, under the name of the Pacific Science Association, of which the 
constitution and by-laws were adopted. 
Sixteen “resolutions concerning scientific matters” were adopted, 
the text of which will be found in the publications of the Association. 
The next meeting will be held in Java in 1929. 


ADDRESSES OF WELCOME 


Both President Charles S. Howe, of Case School of Applied Science, 
and President Robert E. Vinson, of Western Reserve University, were 
in attendance at this opening session and addressed the Society, extend- 
ing the welcome of their respective institutions. 


ADDRESS OF WELCOME BY CHARLES S. HOWE - 


Mr. President and Gentlemen of the Geological Society of America and 
the Allied Societies: 


It is a great pleasure to welcome you to Case School of Applied 
Science at this time of your annual meeting. The work which you 
are doing is an important one for science; for it not only increases our 
knowledge of one part of the universe, but it is also valuable in the 
history and development of our civilization. I have looked over the 
program of your meeting, and while I wish to confess that most of 
the subjects are beyond my comprehension, yet I am sure they will 
prove interesting and valuable to those of you who belong to the Geo- 
logical and allied societies. It is a fine thing for men who are working 
in the same line to get together occasionally for the reading of papers 
and for conferences. Perhaps the most valuable part of such meetings 
is the opportunity to become acquainted with those in the same pro- 
fession, and to discuss with them the work that is being done and the 
opportunities which are provided by learned societies and by educational 
institutions. Those who attend such meetings feel the inspiration 
which comes from the fellowship of those working along similar lines, 
and they go back to their research work or to their classes with renewed 
love for their science and with plans for better and more extensive work. 

Case School of Applied Science is an engineering college, and of 
course it is interested in all branches of science, particularly with those 
which have to do with the work it is carrying on. Certain of its de- 


partments are much concerned with geology and mineralogy, because 
these subjects must be taught to its students, some of whom, at least, 
will find an opportunity to use them in their everyday occupations. 
Many of our civil engineers are building bridges or erecting dams 
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which, by storing up large bodies of water, will be of service in irrigy. 
tion and the production of electric power. These engineers must under. 
stand the character of the rocks with which they deal and the mineral 
forms which compose them. We therefore require that our students 
who are taking this branch of engineering study a certain amount of 
mineralogy and geology. The mining engineer, whose work largely 
consists in taking from the geological formations the ores from which 
valuable metals may be extracted, must study many branches of the 
sciences which will hold your attention at these meetings. 

It is, therefore, with great pleasure that we welcome the several 
societies which are meeting here today. We hope to make you com- 
fortable and to provide you with all the accessories you need for the 
proper presentation of your papers and for the social meetings which 
you will attend. It is our sincere wish that you may enjoy yourselves 
so well that you will wish to come to Cleveland for another meeting 
at some not distant day. 


ADDRESS OF WELCOME BY ROBERT E, VINSON 


Ladies and Gentlemen: 

It gives me pleasure on behalf of Western Reserve University to join 
with President Howe in the very cordial welcome which has been ex- 
tended to you by the Case School of Applied Science. We have regarded 
the meeting of the Geological Society of America here as an opportunity 
for further cooperation between Case and Western Reserve, and I am 
sure that whatever either would say will be taken by all of you as having 
been said on behalf of both institutions. 

There is one phase of the situation, however, which makes this meet- 
ing of the Society of peculiar interest to us in Cleveland, and that is 
the fact that this is the first meeting which has been held 
in Cleveland since the organization of the Society, at its Cleveland 
meeting, in August of 1888, and naturally it is of special significance 
that the Society itself had its birth in Cleveland. Beginning in 1881, 
agitation developed in Section E of the American Association for the 
Advancement of Science for a separate geological society. This agit 
tion crystallized at the Cleveland meeting of the Association fo 
the Advancement of Science, in August of 1888. On August 14 of that 
year, in response to a published call, the geologists in attendance at 
the Cleveland meeting of the American Association assembled in th 
Central High School for the purpose of discussing the organization of 
a national society. Within this group there were then defined many 
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of the practices which still control the operation of the Society; for 
example, that its members must be active workers or teachers of geology, 
that a publication be issued, and that there should be an annual 
fee of $10. At that meeting a committee was appointed to draft a 
constitution, to be presented on the following day. I am_ in- 
formed that this committee consisted of Alexander Winchell, of Ann 
Arbor, chairman; J. J. Stevenson, of New York, Secretary; Edward 
Orton, of Columbus; Charles H. Hitchcock, of Hanover, and J. R. 
Proctor, of Frankfort. On the next day—that is, on August 15, 1888— 
the form of this constitution was adopted, and on the subscription by 
thirty-seven eligible persons to the constitution the Geological Society 
of America came into existence. By November 1 of that year more 
than one hundred names had been obtained, and the first meeting of 
the newly organized Society was held at Ithaca, New York, during the 
Christmas holidays succeeding. It is interesting to note that the Central 
High School, in which the Society had its birth, is still standing on 
Fifty-fifth Street, three or four blocks south of Euclid Avenue. I am 
sure that many of you will desire to visit the scene of the beginning 
of these activities. 

It is earnestly hoped by all of us in Cleveland that you will not 
permit so much as forty years to pass without returning to Cleveland 
for another meeting. Meantime, during your stay in Cleveland, I trust 
that the committee of arrangements from the two institutiens have 
made every provision for your comfort, as I am sure they have endeav- 
ored to perform their duties faithfully and to make everything ready 


for your coming. 
SESSION FOR THE PRESENTATION OF SCIENTIFIC PAPERS 
TITLES AND ABSTRACTS OF PAPERS 
ORIGIN OF SPRINGS AND RIVERS—AN HISTORICAL REVIEW 
BY FRANK DAWSON ADAMS 


(Abstract) 


The paper gives an account of the views on this subject which have been 
held from the classical period to the present time. 

Aristotle was of the opinion that rain was formed owing to the air of the 
upper atmosphere being changed to water by the low temperatures which 
obtained in this region. The rainfall, however, he believed to be quite insuf- 
ficient to supply the rivers with the water which they carried off the land, 
and considered that the air within the earth was also transformed into water 
by the same cause, appearing as springs which supply additional water to 
the rivers, 
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In the middle ages the general belief was that the ocean water passed 
down into the bowels of the earth through holes in the bottom of the sea ang 
then ascended to the mountain tops through pores and fissures in the earth's 
crust, the salt being filtered out as the water rose. A great variety of occult 
forces, including the influence of the stars, were called in to supply the 
power by which the water was raised. Later it was believed that the seg. 
water on reaching the earth's interior met there with great subterranean fires 
and was distilled up through the earth’s crust to the mountain tops, condens. 
ing there to water in great caverns, from which it issued as springs, the 
mountain ranges playing the part of giant alembics. 

Papin, of Paris (A. 1). 1674), was the first who made actual measurements 
of rainfall and run-off to ascertain whether the former was sufficient to 
supply the waters carried off by the rivers, and found that it was. Vallisnieri, 
of Padua (A. ID. 1715), first showed the influence of geological structure ip 
directing and controlling the course of underground waters derived from 
rainfall, by a study of the origin of the renowned springs of Modena. These 
investigations laid the foundation for the extended and detailed studies of 
underground waters which have been made since that time. 

DISCUSSION 

Mr. O. E. Metnzer: The ancient philosopher, Vituvius, who lived in about 
the time of Christ, deserves the credit for having at that early date stated 
clearly and accurately the modern theory of the origin of ground water from 
rain and snow. Little attention was, however, given to his statement and 
the assumption prevailed through ancient and medieval times and into 
modern times that the water discharged by springs was derived from some 
mysterious underground process. The controversy on this subject has not 
yet been settled in the European countries, as is shown by the continental 
literature on the subject that has been published in the last decade or two. 
It is still maintained by some European hydrologists that the ground water 
is derived in considerable part by underground condensation. To us, in this 
country, such discussion seems rather absurd; but we also have at present, 
especially in California, two schools—those who believe that there is little 
ground-water recharge except by seepage from large streams, and those of 
us who believe that recharge is much more general, and that the measure- 
ments of seepage losses from the principal streams alone give us inadequate 
estimates of the ground-water supplies. 


A brief reply was made by Doctor Adams. 


LONG RANGE CORRELATION OF VARVES 
BY A. P. COLEMAN 


* (Abstract) 


Varves from a Toronto section have been correlated with a varve series 
from the Stockholm region by Baron De Geer. The Toronto varves belong, 
however, to a much older part of the Pleistocene and must have been deposited 
thousands of years earlier. It is evident that long range correlations of the 
sort should be received with caution. 
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Brief remarks were made by Messrs. Bailey Willis, Edward B. 
Mathews, and Chester A. Reeds. 


RESULTS OF GLACIAL INVESTIGATIONS IN PENNSYLVANIA AND NEW JERSEY 
IN 1926 AND 1927 


BY FRANK LEVERETT 
(Abstract) 


The border of the Wisconsin drift was mapped in more detail than hereto- 
fore, and the degree of solution and decay of constituent pebbles noted in 
comparison with the same classes of pebbles in older drift. The main part 
of the pre-Wisconsin drift of northwestern Pennsylvania is now interpreted 
to be of Illinoian age, and a considerable part of the pre-Wisconsin drift of 
eastern Pennsylvania and New Jersey is also referred to the Illinoian stage 
of glaciation. : 

The Jerseyan drift is provisionally referred to the Kansan stage of glacia 
tion. It is found to overlie Pensauken gravel, and the degree of alteration 
of the granite rocks in it is similar to that in the Pensauken gravel. On the 
basis of this correlation the Bridgeton gravel should be referred to a still 
older time than the Jerseyan drift. If it is of glacial derivation it probably 
falls in the Nebraskan stage. 

The valley gravel train on the Susquehanna which connects with the IIli- 
noian drift stands about 100 to 120 feet above the river and connects with 
the Wicomico marine terrace at the head of Chesapeake Bay at an aititude 
of 100 feet A. T. There are along the Susquehanna small erratic pebbles 
at higher levels than the Illinoian gravel train that seem likely to connect 
with an earlier stage, or possibly two earlier stages of glaciation. 


Brief remarks were made by Mr. George W. Stose. 


TILL ON OVERTHRUST GRAVELS 
BY ALFRED C. LANE 
(Abstract) 


Views will be shown of a temporary exposure of till at the northwest corner 
of Massachusetts Avenue and Arlington Street, Cambridge, Massachusetts, 
overlying stratified gravels, and thus confirming Woodworth’s conclusion as 
presented in the Seventeenth Annual Report of the U. S. Geological Survey, 
which has been questioned, that the Fresh Pond moraine is one of readvance 
possibly to be correlated with that noted by Antevs around Amherst. A series 
of overthrust faults, produced in the bedded sands, dipping about 28 degrees to 
north 30 degrees west, is well shown. The weight of the till was a little over 
2.0 tons per cubic meter, that of the sands from 1.46 to 1.85, according to how 
wet it was, 

Taken in connection with the surroundings, the section favors the construc- 
tional origin of drumlins. 

It also shows how an apparent important unconformity really may represent 
no great interval of time. 


A fuller description appears in the Geological Magazine. 
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DEAD SEA PROBLEM—RIFT VALLEY OR RAMP VALLEY? 





BY BAILEY WILLIS 
(Abstract) 


The origin of the deep, straight trough of the Dead Sea, Palestine, has been 
discussed by geologists who have assumed either tension or compression in 
that region and have inferred either normal or thrust faulting accordingly, 
The writer examined the principal structural features of Palestine and Syria 
during the summer of 1927 and reached the conclusion that they are effects 
of a west-to-east pressure and resistance which ‘ave produced folds and 
thrusts. The evidences of compression are general and similar on both sides 
of the Dead Sea trough, though more strongly developed in Palestine than in 
Transjordahia. Warped surfaces, that are cut by thrusts in their northwest 
extension, run into the Dead Sea faults when traced southward. The physio- 
graphic aspects of the fault faces and warped surfaces are of the same 
moderate antiquity throughout. The conclusion is that the Dead Sea faults 
belong to the structural system which characterizes the entire area and are 
therefore to be attributed to the compressive forces which have caused the 
thrusts and folds. 

The earthquake of July 11, 1927, shed important light on the structures, 
There were two principal areas of destructive effect and between them 
stretched a zone of minor intensity. The latter corresponded with the Dead 
Sea trough. The areas of high intensity were one in Palestine, the other in 
Transjordania. The distribution is interpreted to mean that there were two 
earthquake centers, one of which, that in Transjordania, was shocked into 
action by the elastic snap of the other, that under Palestine. 

The observed structures, the earthquake activities, and the general facts 
of the geology point to the existence of three distinct bodies, which constitute 
the superficial crust of the earth under the eastern Mediterranean and from 
that sea eastward into Arabia. The one body forms Syria. It extends south- 
ward under the other two and apynears between them in the Dead Sea trough. 
Its form in the latitude of the Dead Sea is that of an inverted Keel. South- 
west of the Syrian mass is the Palestine disc. It underlies the Mediter- 
ranean and all of Palestine as far east as the Dead Sea escarpment and as 
far northeast as a line drawn through Haifa. Along its northeastern margin 
it is overthrust on the Syrian mass. Southeast of the Syrian mass is the 
Arabian dise. It also overlaps the Syrian and is displaced with reference to 
it, but as the dominant pressure is from the west the effect is to thrust the 
Syrian under the Arabian element. The contact is obscured along much of its 
extent by basalt flows. 

In the latitude of the Dead Sea the fault contacts of the Palestine and 
Arabian bodies with the Syrian are steeply dipping upthrust faults. The 
effect of compression has been to force the plateaus of Palestine and Arabia 
up, while at the same time the keel of the Syrian body has been depressed. 

Hence it appears that the Dead Sea “graben” is not a rift valley, but may 
more properly be styled a ramp valley.* 





*Ramp is here introduced as a geologic term synonymous with the phrase, high angle 
upthrust fault or upthrust. 
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Brief remarks were made by Messrs. Stephen R. Capps, R. W. Brock, 
Chester R. Longwell, and John L. Rich, with reply by the author. 


is14 AND NORTH AMERICA—A COMPARISON IN TERTIARY DIASTROPHISM 
BY FRANK BURSLEY TAYLOR 
’ (Abstract) 


If the theory of mountain-making set forth in earlier papers by the writer 
is sound it ought to be possible to show significant and strongly corroborative 
results by a comparison of mountain-making and other effects of horizontal 
continental crust movements in the different continents. Where does North 
America stand in comparison with the other continents? Limiting attention 
for the present to the so-called Tertiary mountain-making (that which began 
in the late Cretaceous and extended down through the Tertiary and Quater- 
nary ages to the present time), how do the Tertiary mountain ranges of 
North America compare in a quantitative, and also in a qualitative sense, 
with those of Asia? Why is Asia so conspicuous for marginal arcuate moun- 
tain ranges, for arcuate foredeeps which closely parallel those ranges, and 
for areseas which lie behind many of the festoons? Why is North America 
made conspicuous by the almost complete absence of all of these forms? 
What are the factors which cause this difference? Again, what are the 
facts which show that the Tertiary mountain belt, which almost girdles the 
Earth, is of continental rather than suboceanic origin? Also, what are the 
evidences which point to horizontal crust-movements of continental extent 
rather than to local vertical movements as the cause of mountain-making? 

Among the fundamental facts are these: (a) The existence of a great belt 
of “young” mountain’ ranges, the so-called Tertiary mountain belt, which forms 
the southern border of Europe and Asia, the western margin of North and 
South America and an outlying, mainly submerged belt extending around the 
north and east sides of Australia (the “young” ranges are shown without 
details on a map by M. Neumayr in Berghaus’ Physical Atlas, 1892); (0) this 
belt is naturally divided into five continental sections, one for each of the 
five continents which underwent large horizontal movements (Africa, with 
Arabia and India, took no part in the horizontal movements); (c) excepting 
the sections belonging to the two Americas, which are much alike in strength 
and general expression, the several continental sections have strong individual 
characteristics and different strengths of development. The most notable 
feature is the fact that Asia outclasses all of the other continents in every 
way, It is developed on a much larger scale, in much greater strength, and 
with a greater variety of diastrophic forms; (d) the mountain ranges of the 
Tertiary belt are folded mountains, showing lateral or horizontal compression 
in their making. In the northern hemisphere this belt forms the southerly 
mirgins of Europe, Asia, and North America. Mm the Arctic regions north of 
these continents there are no compression effects of Tertiary age, but instead 
great deep basins which suggest rifting and pulling apart of the crust. One, 
the smallest of the three, separating Greenland from North America, is easily 
recognized as a disjunctive rift-basin. The relations of the other two are not 
so clearly revealed on ordinary maps. 
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The foregoing are plain statements of well determined facts, with jo 
speculative or hypothetical elements in them. They must all be explained 
by any hypothesis which essays to explain the cause of Tertiary mountaip- 
making. 

If the Tertiary Mountain belt was made by horizontal sliding of the conti- 
nental crust sheets, certain simple theoretical considerations must enter ip 
and form the basis of instructive comparisons between the products of sg 
movements. For example, assuming uniform thickness for the crust sheets 
of all the continents, their areas would express the scale of things, and as. 
suming equal average densities, could also be used to express mass. Their 
masses would then be proportional to their areas. Greater Asia has about 
five times the area of Greater Europe and three times the area of Greater 
North America, But Asia moved about 1,500 miles, Europe about 1,000 miles, 
and North America only 560 miles. All three accomplished their movements 
in about the same period of time. Hence, since Asia moved one-third farther 
than Europe and nearly three times as far as North America, it is evident 
that the intensity of Asia’s movement was somewhat greater than that of 
Europe, and very much greater than that of North America. There is strong 
evidence that the basal plane on which the crust sheet of Asia moved is 
deeper in the earth than that of either Europe or North America, thus making 
the mass of Asia greater per unit of area. This is an additional reason for 
expecting greater intensity of diastrophic action in Asia than in either of the 
other continents. 

The combined effect of these theoretical considerations leads us to expect 
in both quantitative and qualitative senses greater and more intense disastro- 
phism in Asia than in Europe or North America, and the greatest difference 
should appear in the continent last named. A comparative study of the 
Tertiary diastrophic features of Asia and North America affords full con- 
firmation of these theoretical expectations. It seems certain that a like 
confirmation could not by any possibility be realized on the basis of any of 
the older theories of earth development and mountain-making—certainly 
not from a cooling, contracting molten globe, nor from Reade’s erosion and 
sedimentation with thermal effects, nor from Joly’s cycles of radio-activity, 
nor the fission hypothesis of Darwin, nor from Chamberlin’s planetesimal 
hypothesis, nor from the hypothesis of isostasy. As the writer has repeatedly 
urged before, only an external force conditioned by latitude and hemispheres 
can be supposed to cause the sliding of the continents from high toward 
lower latitudes in both hemispheres. The tidal force alone seems available, 
acting not directly but indirectly, through increasing axial rotation and 
centrifugal force. 

The latter half of the paper is devoted mainly to a comparison, part for 
part, between the major diastrophic features of Asia and North America. 


EXPLORATION 1N THE MOUNT SPURR REGION, ALASKA 
BY STEPHEN R. CAPPS 
(Abstract) 


This paper gives a brief description of the geographic and geologic findings 
of an expedition of the U. S. Geological Survey into the Mount Spurr region, 
Alaska, in 1927. This region has heretofore been unexplored. 
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The most important geographic results include the topographic mapping of 
an area of 2,300 square miles, which includes the basin of a hitherto unknown 
river, the Chakachatna. The Chakachatna basin has an area of about 1,100 
square miles and contains a lake 23 miles long, as well as important tributary 
streams, and over 50 glaciers. 

The same area was mapped geologically. The mountains are mainly granite, 
with some included sediments and pyroclastics of Mesozoic age. The coastal 
pelt is largely composed of Eocene sediments, overlain by glacial till. Mount 
Spurr was found to be a volcano and has been active intermittently since 
Eocene times. It is still mildly active. 


GEOLOGY OF THE PICHIS AND PACHITEA RIVERS, PERL 
BY JOSEPH T. SINGEWALD, JR. 
(Abstract) 


The Pichis and Pachitea rivers are a link in the main highway from Lima 
across the Andes and through the Peruvian montafa to Iquitos. No good 
map of these rivers is available and no account has been written of the geology 
along their course. The paper presents the results of a traverse from Puerto 
Jessup west of the Eastern Range of the Andes to Masisea on the Ucayali 
River in the flat country east of that range. 

Essentially the same stratigraphic units are encountered along these rivers 
that make up the Eastern Range of the Andes farther north where it is cut 
by the Huallaga and Marafion rivers and which continue still farther north 
into Ecuador, but they show considerable lithologic changes. The Pongo 
Sandstone and the Cretaceous Shale-Limestone Series are not as completely 
exposed along these rivers as in the magnificent anticlinal arch of the Pongo 
de Manseriche, but excellent and continuous exposures are furnished of the 
Red Beds and the overlying younger Tertiary strata which, because of their 
characteristic color, are called the Brown Beds. Due to their meandering 
character, the rivers wander back and forth across the section and repeatedly 
expose the contact of the Red Beds with both the underlying and the over- 
lying beds, i 

The Pougo sandstone occurs at only one place along the lower course of the 
Pachitea River. It is a massive, white, quartzitic sandstone lying nearly 
horizontal. Its outcrop area is terminated by faults both upstream and down- 
stream. On the downstream side of the Pongo Sandstone is a small area 
showing beds of the Shale-Limestone Series. Farther upstream at Bailos, 
where the river cuts across the nose of a flat anticline, are more extensive 
exposures. The greater part of the series consists of nodular-fracturing clay- 
shale grading into hard calcareous shale of prevailingly pearl-gray to blue- 
gray color. The limestone horizons are not as abundant nor as thick and 
massive as in the northern part of the Eastern Range, but the Huacanqui 
Sandstone near the top is well developed. Only the upper 1,000 feet are 
exposed along the Pachitea River and they contain Coniacian fossils. 

More pronounced is the lithologic change in the Red Beds. The massive 
red sandstone so prominent in northern Peru is entirely lacking, and only the 
shaly facies is represented. Numerous thin beds of calcareous shale carry a 
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few poorly preserved gastropods and bivalves. The thickness of the Reg 
Beds is about 3,000 feet. They are exposed at intervals along the entire 
course of the Pachitea River. The upper part of the river is almost wholly 
within an area of these beds with a uniform low westerly dip. The eon. 
formably overlying Tertiary Brown Beds are lithologically similar to the Reg 
Beds. Almost the entire course of the Pichis River is in the Brown Beds 
They have a uniform low westerly dip. The exposed thickness is about 3,00 
feet, but their top is not reached. As they have been included in the orogenic 
movements which formed the Eastern Range of the Andes, they are older than 
the untilted late Pliocene strata of the Upper Amazon basin. 


JURASSIC AND CRETACEOUS OF WEST CENTRAL ARGENTINA 


BY CHARLES E. WEAVER 






(Abstract) 


A maximum thickness of 6,000 meters of shales, limestones, sandstones, and 
marine tuffs ranging in age from Lias to Danian occur in the eastern slopes 
of the Andes Mountains in west-central Argentina. These deposits are mainly 
of marine origin, although extensive continental red bed materials occur inter. 
bedded. This accumulation of sediments rests unconformably on a floor com- 
posed of old granites, quartzites, schists, and Triassic acidic volcanic products, 
The Liassic formations consist largely of shallow water limestones, calcareous 
sandstones and tuffs of marine deposition. The Bajocian is represented by 
thick deposits of black shales and near shore sandstones and conglomerates, 
No sediments of definite Bathonian age have been recognized in central 
Argentina, although some of the continental sandstones of the lower Malm may 
have been deposited during this interval. The Callovian is represented by 
moderately deep water shales and continental sandstones with marine inter- 
calations. Resting on these are disconnected deposits of gypsum of varying 
thickness. Massive cross-bedded sandstones and conglomerates containing 
numerous tree trunks lie on the gypsum and where that is absent directly 
upon the Callovian sandstones. On these Lusitanian sediments without 
angular unconformity are brown and black marine shales of the Tithonian 
which in turn gradually grade upwards into the Valanginian shales and lime- 
stones of the lower Cretaceous without any stratigraphic break. The middle 
Neocomian of Neuquen consists mainly of massive banded sandstones of con- 
tinental origin. Above these are very thick deposits of marine black calcare 
ous shales which grade upward into shallow water limestones and shales and 
finally terminate in thick and widely distributed deposits of gypsum or 
gypsiferous shales. These gypsiferous sediments grade over into a continental 
series of red shales, sandstones, and clay of more than 1,000 meters in thigk- 
ness and range in age from Aptian to middle Senonian. The Roca formation 
consisting of more than 700 meters of calcareous shales and limestones rests 
without unconformity on the red beds and represents gradation from conti- 
nental conditions of deposition into those of widespread marine. The intervals 
of deposition may have extended from middle Senonian to the close of the 
Danian. 

The Liassic and Dogger faunas show a very high percentage of species 
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jdentical with those of similar age in the central European and Mediter- 
ranean regions. During the Callovian southern Asiatic species were intro- 
duced as well as European. The Tithonian and lower Cretaceous faunas show 
close relationships to similar faunas in France, Switzerland, and England 
and probably represent faunal migration routes along the north shores of the 
African-South American continent. The Neocomian faunas of Argentina are 
closely related to those of the Uitenhage fauna of South Africa. 

Some time between the close of Cretaceous deposition and the beginning of 
Tertiary voleanie activity the Mesozoic sediments were strongly folded and 
faulted into north-south mountain ranges. These were eroded and on the 
partially beveled surfaces accumulated enormous quantities of Tertiary vol- 
eanic products. The last pronounced structural movements in west central 
Argentina of probable late Pliocene or early Quaternary age produced two 
major north-south trending fault blocks, ‘the westernmost of which represents 
the present main Andean range and the eastern a range nearly as high but 
composed mostly of sedimentary recks. The western range is composed mainly 
of lava flows tilted easterly and resting with marked unconformity on sedi- 
mentary formations similar to those in the eastern range in the territory of 
Neuquen. 


Brief remarks were made by Prof. Walter H. Bucher. 


At this point, 1:05 p. m., the ‘session adjourned for luncheon. 





SESSION OF THURSDAY AFTERNOON 


The afternoon session was opened at 2:05 o’clock, in the Lecture 
Room, with Vice-President Douglas W. Johnson in the chair. 
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SIGNIFICANCE OF SUBMERGED DELTAS IN THE INTERPRETATION OF THE 
CONTINENTAL SHELF 


BY FRANCIS PARKER SHEPARD * 


(Abstract) 


Contours drawn from coastal charts adjacent to large rivers indicate that 
most of these rivers have formed deltas at levels well below the present 
strandline. These delta flats terminate at depths of from 8 to 55 fathoms. 
The deltas appear to have been built on preexistent shelves. Both the shelves 
and the superimposed deltas suggest relative changes of the land and sea- 
level. Since these features are found along the coast line of most of the 
world, one is led to believe that changes of sealevel rather than of the lands 
have produced the present conditions. It is suggested further that changes 
in the ocean bottom produced a general lowering of the sealevel, probably in 
the late Tertiary and early Quaternary. A general rise of the sealevel, 





‘Introduced by W. S. Bayley. 
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due, perhaps, to several factors, has brought the sea to its present level. The 
rising phase of the sealevel changes must have been accompanied by oscilla. 
tions due to the deleveling of the sea during the Glacial epochs of the 
Quaternary. The cutting of the submerged shelves is attributed to the gep. 
eral lowering of the late Tertiary and to the accentuated lowering during the 
glacial stages of the early Quaternary. The deltas are attributed to the legs 
pronounced lowering of sealevel in the glacial stages towards the end of 
the Quaternary, 


RIVERS OF GASPE 
BY FREDERICK J. ALCOCK 
(Abstract) 


A brief description of the physiography of Gaspé Peninsula, with special 
emphasis on some peculiarities of drainage, will be presented. Down the 
middle of the peninsula runs a range of mountains, the Shickshocks, which 
reach elevations up to 4,200 feet. Certain streams, like the Cap Chat and the 
Sainte Anne, rise south of the range and flow along valleys through it be- 
fore reaching the Saint Lawrence. The Matane rises north of the range 
and twice crosses it before reaching the Saint Lawrence. These and other 
drainage peculiarities will be described and explanations offered. 


EROSION AND SEDIMENTATION ON THE ZUNI WATERSHED, NEW MEXICO 
BY KIRK BRYAN AND H. F. ROBINSON 


(Abstract) 


The Zui River is formed by the confluence of Nutria and Pejiasco creeks, 
both of which rise in the forested heights of Zuii Mountains. These streams 
are, except in the mountains, strictly ephemeral, The Zui Dam, built by the 
U. S. Indian Service in 1904 to 1907, crosses the channel of Zuii River and 
creates a reservoir having a capacity of 15,811 acre-feet. In the 22 years 
since 1906, when the gates were first closed, mud and sand (“silt”) have 
entered the reservoir to the extent of 69 per cent of its original capacity. 
On 12 occasions during this period surveys of the reservoir bottom have been 
made, usually by soundings through the ice in winter. 

Nutria Creek is the principal source of the silt now entering the reservoir. 
Very little material is derived from the Zui Mountains. Most of the silt 
comes from the open valleys of a broad syncline of Cretaceous rocks at the 
foot of the mountains. Here the production of rock waste has always been 
large, but it has, since about 1880, been much accelerated by the erosion of 
a deep and ever-widening channel or arroyo in the broad valley floors. The 
lower course of Pefiasco Creek has been invaded by basalt of late geologic 
date. This basalt flow prevents excessive erosion and acts as silt retarder, 

The measurements of silt deposited show that the mean silt content of the 
water varies inversely with the run-off from the watershed. Except in years 
of unusual run-off, the absolute quantity of silt has the same relation. Thus 
in rainy years when more water falls on the land, when the floods in the 
arroyos are larger and more prolonged, the percentage of silt in the main 
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stream is lower and the absolute quantity carried is but little increased. 
Obviously the more rain, the more grass, and as a consequence there is less 
erosion and proportionately less silt carried in streams. This relation bears 
out the contention that artificial reduction of vegetation, caused by over- 
grazing, promotes erosion. Similarly it supports the thesis of students of past 
climate, that a change to greater aridity by a similar reduction of the 
vegetative cover will increase the erosive action of ephemeral streams. The 
data are applicable only to ephemeral streams similar to Zufii River, but 
for this stream appear to be of critical importance. An analysis of Follett’s 
data on silt in the Rio Grande is presented to show that the large through- 
flowing streams of arid regions convey silt in obedience to other and mure 
complicated laws. 

The rapid filling of Zui Reservoir was checked in 1923 by measures for the 
control of excessive erosion. These works have been enlarged each year, and 
the experience gained in the control of silt on the Zufli watershed will serve 
as a guide in the design of similar measures on other streams. 


Presented in abstract extemporaneously by the senior author. Brief 
remarks were made by Messrs. Alfred C. Lane and C. W. Brown, with 
reply by Doctor Bryan. 


BARS OF CHANNELED SCABLAND 
BY J HARLEN BRETZ 
(Abstract, rs 


The noteworthy denudation of limited tracts on the Columbia Plateau in 
Washington, confined to an extraordinary anastomising pattern, is the 
product of glacial streams of high gradient. Descriptions already published 
indicate that these streams operated under very unusual conditions. This 
paper is an attempt to portray the gravel deposits of the abandoned channels 
with sufficient definiteness to show that they can be explained only as stream 
bars. If this explanation be accepted, the magnitude, composition and topo- 
graphic setting of these deposits lead unavoidably to the conclusion that the 
streams far transcended in volume any other known glacial dischargeways. 

The bars described are selected to show the following significant features: 

1. Forms are wholly unlike the shapes left by subsequent dissection of 
valley fillings. 

2. Profiles are definitely related to structure. 

3. Dominant structure is foreset bedding. Foresets in many places dip back 
into tributary valleys or out of open valleys toward the valley walls. 

4. Shapes and situations are exactly as required by the interpretation 
as bars. 

5. Distribution is over the entire scabland, even on the summits of prominent 
preglacial divides. 

6. Magnitude of individual deposits is the most significant and most sur- 
prising feature. If their origin as river bars be admitted, the sizes of the 
larger bars indicate that some of the glacial streams were at least 400 
feet deep. 
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7. Distribution on valley slopes indicates that most of the channeled seap. 
| land valleys existed in present dimensions before glacial river discharge 
through them occurred. 

8. Composition indicates that most of their material came from erosion of 
| the spillway slopes. Very little material was contributed from the ice-sheet. 
; 9. Decayed material is associated with fresh. Pebbles, cobbles, and boulders 
H of loess, shale and soft limestone are associated with the hard basaltic débris 
j All fragments are commonly but little worn. 

{ 10. No evidence has been found that suggests more than one episode of 
bar-building. 

11. The hypothesis of a “Spokane Flood” alone seems capable of explaining 
the assemblage. Various alternatives proposed by others or constructed by 
the writer have uniformly failed to explain the field evidence. 














ROCKY MOUNTAIN FRONT IN MONTANA 





BY ARTHUR BEVAN 


(Abstract) 











This paper is a preliminary outline of the geology of the front ranges in 
Montana. The salient facts of the topography and stratigraphy are sun- 
marized. The structure of the entire front, so far as known, is described and 
briefly discussed, A concise interpretation of the geological history is given. 

Some of the major problems that need detailed field study are indicated. 

The Rocky Mountain front in Montana consists, from south to north, of 

. * the following ranges, each of which is a distinct orographic unit: Beartooth, 
Bridger, Little Belt, Big Snowy, Lewis and Clark, and Lewis. The Big Belt 
and Livingston ranges are included in the summary because of their close 
relationship to adjoining front ranges and their partial existence within the 
actual front. Outlying ranges, although more or less related, perhaps, to the 

i frontal zone, are not included. 

; The noteworthy topographic features include (1) a sharp demarcation of 

f the mountain front from the plains, especially to the north and south; (2) 

steep high plainsward fronts of most of the ranges; (3) accordance of summit 

levels in a few ranges; (4) profiles of interrupted erosion cycles; (5) diversity 
of drainage patterns, and (6) prominent glaciated forms. 

: The rocks of this region are predominantly sedimentary, with the exception 

q of Archean crystalline cores of the southern ranges, and volcanics in the 

middle portion. Indurated sediments range from Proterozoic to late Cretaceous 

or Tertiary. They form one of the thickest and most complete sections of 

Rocky Mountain stratigraphy. 

The region is roughly divisible into five structural zones as follows: (1) 4 

: northern zone characterized by the Lewis overthrust and associated features; 

(2) a zone of numerous slice blocks passing southward into a restricted belt 

of faults; (3) a middle zone of asymmetric anticlines, with more easterly 

trends and with thrust faults on the west flanks of some ranges; (4) a north 
south anticline, and (5) a southern zone characterized by the Beartooth anti- 
cline and overthrust. 

The history of the region may be briefly summarized as that of a huge 
long enduring geosyncline that had repeated invasions and retreats of the 
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sea, With continental sedimentation becoming dominant in the later stages. 
During early Mesozoic time the region seems to have been rather prominently 
emergent. The landmass to the west probably rose considerably before the 
close of the Cretaceous. This great prism of sediments was converted by the 
Laramide revolution into the structures of the present front ranges. Subse- 
quent history has been mainly a series of erosion cycles interrupted by uplifts 
and glaciation. 


Brief remarks were made by Messrs. Kirk Bryan, Bailey Willis, John 
L. Rich, and Harry Fielding Reid, with reply by the author and addi- 
tional remarks by Messrs. C. L. Dake and Charles W. Brown. 


DESCRIPTIVE GEOLOGY OF NORTHEASTERN NEW MEXICO 
BY S. PRENTISS BALDWIN AND ROBERT F. COLLINS 
(Abstract) 


The paper presents a résumé of the descriptive geology of a block of 3,500 
square miles in the very northeasternmost corner of New Mexico. In general 
the structure and lithology are similar to that described in the Raton-Brilliant- 
Koehler Folio No. 214 of the U. S. Geological Survey. The region is a broad 
northeast-southwest trending anticline beveled by a southeast sloping pene- 
plane surface, cut by deep youthful stream dissection which exposes Triassic, 
Jurassic (7), Lower and Upper Cretaceous, Eocene, and Pleistocene sedi- 
ments, and Pleistocene extrusives, chiefly basalt. To this extent the region 
is similar to the surrounding areas, except for the presence of basalt, with 
the attendant higher relief of mesa-form topography. The regional history 
embraces local folding of the red beds at the end of the Triassic, production 
of an erosional unconformity, deposition of about 3,700 feet of conformable 
clastics through the Upper Cretaceous, development of a slight erosional 
unconformity at the end of the Cretaceous, deposition of Eocene coal measures, 
anticlinal arching and peneplanation in the late Tertiary, tilting of the pene- 
plane to the southeast and extrusion of the Pleistocene basalts in broad 
sheets, and subsequent stream erosion and deposition. 

In addition to the résumé of the general descriptive geology, the paper 
cites two general and two specific problems found in the geology of the area. 
The general problems are: (1) the origin, time succession, and relationship 
of the Pleistocene basalts and andesites, of which at least seven distinct types 
can be found in the field, and (2) the causes, mechanics, correlations and 
effects of Pleistocene stream action, which appears to be a series of degrada- 
tional and aggradational phases. The specific problems are: (1) the study 
of vertebrate tracks and remains in the Dockum and Morrison formations, 
and (2) the investigation of a peculiar set of phenomena which appear to be 
pre-Dakota hot springs, preserved as mineralized sandstone cylinders. This 
joint paper, therefore, attempts to set forth a résumé of the descriptive geol- 
ogy and some of the special problems of a region of 3,500 square miles hitherto 
undescribed. 


A general introduction was made by Mr. Baldwin and the geologic 
discussion was presented by Mr. Collins. 


XI—BcLu. Grou. Soc. AM., VoL. 39, 1927 
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Brief remarks were made by Messrs. F. K. Morris and Robert 7, 
Hill. 


PROBLEMS CONNECTED WITH A UNIQUE OCCURRENCE OF SYENITE IN Ney 
ENGLAND 


BY CHARLES W. BROWN AND EDWIN K. GEDNEY 
(Abstract) 


To the four known occurrences of syenite in New England this paper con. 
tributes another, from Rhode Island. Two unusual features are connected 
with this syenite. First, its close association with, or differentiation from, 4 
Quincy granite stock. Second, its practically unique mineral content— 
eudialyte, léllingite, as major accessories of the rock. 

From a study of the areal relations it would appear that the syenite pene- 
trated the partially solidified periphery of the batholith in the form of an 
irregular pipe, as a phase of the differentiation of the magma. From a study 
of the mineral relationships and exomorphic products it would appear that 
the syenitic intrusion was closely followed by highly heated emanations 
bearing new elements and minerals, some rather unusual, and others rare, 
which have apparently been introduced largely by pneumatolytic action. 
These new substances were, chiefly, flourides, chlorides, sulphides, and phos- 
phates, of common metals with zirconium, cerium, columbium, and other rarer 
elements. The concluding phases of the igneous activity were typical; the 
first an albite pegmatite, and the second common quartz veins, but both 
carry some of the distinctive minerals mentioned above. 


ADDRESS OF THE RETIRING PRESIDENT OF THE MINERALOGICAL SOCIETY 


At approximately 4 o’clock the joint session arranged with the Mi- 
eralogical Society was called, Vice-President Austin F. Rogers, retiring 
President of the Mineralogical Society of America, taking charge of the 
session and presenting an address entitled “Natural history of the 
silica minerals.” This paper will be published in the current volume 
of The American Mineralogist. 

At the conclusion of this address the additional papers listed for the 


joint session were presented. 
TITLES AND ABSTRACTS OF PAPERS 
ORIGIN OF THE ALBITITE BODIES OF PENNSYLVANIA AND ELSEWHERE 
BY ESPER 8S. LARSEN 


(Abstract) 


Dikelike and less regular bodies of albitite (nearly pure sodic plagioclase 
rock) and plumasite (plagioclase-corundum rock) have been described in the 
last few years from a number of localities. In all the occurrences they cut 
ultrabasiec rocks and in all cases the ultrabasic rock next to the albitite or 
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the plumasite is altered in the same way—that is, with a layer of biotite next 
the dike, a layer of actinolite or anthophyllite next the biotite, and a layer 
of tale next the ultrabasic rock. All authors who have described the bodies 
agree as to the close similarity of the many occurrences and agree that they 
are due to the desilication of ordinary pegmatites by reaction with the ultra- 
asic rock, and that the zones of biotite, amphibole, and tale are the products 
of this reaction. . 

A study of the literature and a field study of the Pennsylvania albitites 
has led the author to conclude that reacfions between pegmatite or other 
dike rocks and their wall rocks on the scale required by the theory of desili- 
cated pegmatites are very exceptional, if any are well established; that the 
minerals and relations of the reaction zones are not such as would be expected 
from direct magmatic reaction; that when considered quantitatively, the 
material that must have been taken from the pegmatite is excessive and 
pears little relation to that added to the ultrabasic rock of the reaction zones: 
and, finally, that the field relations, such as the conspicuous lack of relation 
between the size of the albitite body and the width of the reaction zones, 
can not be satisfactorily explained on the theory of desilicated pegmatites; 
but that all the facts available can be explained as being due to moving solu- 
tions—probably hydrothermal solutions, 


SYNGENETIC PYRITIZATION IN LOCAL REDUCING AREAS IN PENNSYLVANIAN 
SHALES 


BY W. A. TARR 
(Abstract) 


In local, shallow depressions in the Pennsylvanian sea that covered the 
Bevier coal bed (Cherokee or Lower Pennsylvanian), a fossiliferous shale 
was deposited. For a period of time this depression was the seat of reducing 
conditions, during which time the fossils were replaced by pyrite as fast as 
they accumulated with the muds. The source of the sulphur and iron and 
method of replacement of the calcareous shell are discussed. 


EXPERIMENTS BEARING ON BORNITE-CHALCOCITE INTERGROWTHS 
BY G. M. SCHWARTZ 
(Abstract) 


Several types of intergrowths of bornite and chalcocite have been described 
and variously interpreted by different investigators.. Even during the last 
year discussions in economic geology have given various interpretations to 
the same intergrowth. 

A series of experiments have been carried out utilizing natural mixtures 
of bornite and chalcocite and subjecting them.to various heat treatments in 
an attempt to reproduce some of the natural structures. The specimens were 
polished and examined at high magnifications before and after treatment. 

As a result of these experiments it was determined that from 5 to 15 per 
cent of bornite would dissolve in chalcocite at 225 degrees centigrade in 24 
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hours. Repeated experiments below this temperature failed to obtain a com. 
plete solution even when heated as long as 8 days. At temperatures of 309 
degrees and 400 degrees centigrade solution is much more rapid and complete, 
X-ray examination shows that a true solid solution may be obtained by heat- 
ing specimens containing bornite and chalcocite fairly intimately mixed. 

In specimens of the solid solution which were reheated and then slowly 
cooled {24 to 48 hours) vartous types of intergrowths were produced. The 
most common are a triangular lattice of chalcocite in bornite and a triangular 
lattice of chaleocite in a matrix of chalcocite and bornite. A less common 
type consists of minute blades of bornite arranged along the cleavage diree. 
tions of chalcocite. Another type, probably formed only when a very small 
amount of bornite is present, appears to consist of a minute, irregular inter- 
growth of two minerals of slightly different color resembling the blue and 
white chalcocite of previous investigators. One intergrowth somewhat re. 
sembles the graphic pattern, but thus far no true graphic intergrowth has been 
developed, 

Tentative conclusions are that chalcocite and bornite form a solid solution 
above 225 degrees centigrade. Some bornite-chalcocite intergrowths form by 
the breaking down of a solid solution. 

The above conclusions are not considered an argument against the forma- 
tion of many intergrowths by replacement. 


Read by title in the absence of the author. 


. 


ANORTHOSITE IN LOS ANGELES COUNTY, CALIFORNIA 
BY WILLIAM J. MILLER 
(Abstract) 


During the last three years, while the writer has been engaged in the 
study of the southwestern one-half of the San Gabriel Mountains, California, 
comprising an area of 600 square miles, he has found and mapped a hereto- 
fore practically unknown large body of anorthosite in the midst of Los 
Angeles County. As far as known to the writer, this is the only occurrence 
of anorthosite on the Pacific Coast. 

The anorthosite, together with its anorthosite-gabbro facies, occupies an 
almost unbroken area comprising much of the western portion of the San 
Gabriel Mountains. The greatest length of the area is 18 miles, extending 
from the Monte Cristo mines on the east to Coyote Canyon and Lang on the 
west, and its greatest width is 8 miles along a line running nearly south from 
Ravenna past the western side of Mount Gleason. 

There are many interesting facies of the anorthosite, varying from almost 
pure, bluish gray to white, coarse-grained plagioclase of intermediate com- 
position through gabbro anorthosite and iron-rich gabbro to almost pure 
titaniferous iron ore. These facies show an irregular distribution within the 
general area, thus suggesting that they originated by uneven differentiation of 
a body of anorthosite-gabbro magma. 

The relation of the anorthosite to the other crystalline rocks is more or 
less well shown on all sides except the northwest, where extensive Tertiary 
strata are sharply down-faulted against it. A series of metamorphosed 
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strata, including schist, crystalline limestone, and quartzite, and also, .an 
amphibolite, are intruded and more or less injected by granite. These rocks 
are all of pre-Cretaceous age, and they are older than the anorthosite. - Dis- 
tinct dikes of nearly pure anorthosite have been found cutting this old series 
of mixed rocks. Along its southeastern side the anorthosite lies in contact 
with a younger diorite, All of the rocks mentioned have been intruded by 
a younger granite. Offshoots of this granite, in the form of dikes of granite, 
aplite, and pegmatite, occur even well within the body of anorthosite. 


Brief remarks were made by Prof. Waldemar Lindgren. 


METAMORPHISM OF THE LAKE SUPERIOR IRON FORMATIONS 
BY STEPHEN RICHARZ 
(Abstract) 


Studies in the Lake Superior iron formations during the last four years have 
disclosed an important constituent of the metamorphic iron formations in the 
highly ferrous amphibole griinerite. Its chemical and mineralogical properties 
were determined and its occurrence was traced through three States. Grii- 
nerite is contained in great abundance in the Penokee-Gogebic Range, Wis- 
econsin. The amphibole in, the so-called actinolite-magnetite schists is largely 
griinerite. The formation of griinerite from siderite and free silica is evi- 
dently characteristic of a high phase of metamorphism. 

In the Penokee-Gogebic Range griinerite is restricted to the west. At the 
Berkshire mine, southeast of Mellen, and at the Tyler Forks a mica-like 
mineral occurs instead, associated with magnetite and hematite. Farther 
east hematite is the prevailing iron oxide: Ironwood, Bessemer in Michigan. 

The high metamorphism of the Tyler slate and of the iron formation in the 
Bad River valley is not surprising, because there is a granite, intrusive into 
the Tyler slates, which is closer to the iron formation than the gabbro by 
half a mile, and because the larger mass and the higher acidity of the granite 
must exert a much greater metamorphosing influence. 

In the Mesabi Range, Minnesota, the eastern portion of the iron formation 
is highly metamorphic—griinerite and ‘another amphibole and fayalite accom- 
pany magnetite and coarse-grained quartz. In the western portion the 
metamorphism, if any, is very slight. The original greenalite is there partly 
preserved in the amorphous form, and partly altered by incipient crystalliza- 
tion into a fibrous mineral with mica-like optical properties. 

The metamorphism of the eastern part is ascribed to the gabbro approaching 
and cutting the iron formation. There is also a granite exposed north of the 
iron formation. The granite evidently cuts through the iron formation at 
Babbitt, where the exposures are ideal; they have always a contact border 
consisting of garnet, blue-green amphibole, griinerite, biotite, and very coarse 
quartz. 

In the Marquette district, Michigan, the metamorphism of the iron forma- 
tion is also dependent on igneous intrusions. In the west, where these intru- 
sions occur in sheetlike form and are of dioritic composition, the sideritic 
cherts are completely metamorphosed to griinerite rocks with magnetite and 
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garnet. In the east, where diabasic eruptions prevail, the metamorphism 
produced mica and magnetite; even the siderite may be partly preserved, 
At some distance from the diabase occur unaltered hematite and jasper. 

Not even in the old formations of the Vermilion Range, Minnesota, dynamic 
processes or deep-seated action can have been of great consequence. The Ely 
greenstones of the Keewatin show their original pillow structure and eyep 
the vesicular texture is often retained. The Soudan formation consists of 
jasper and hematite and contains slates of very slight metamorphism, in spite 
of the highly disturbed condition of the Keewatin. Only where the formations 
are approached by the great granitic batholiths, in the north and south, 
the metamorphism becomes intensive. The iron formation is affected at a 
few places. The contact action of granite on inclusions did not form gri- 
nerite, but a green amphibole of high pleochroism. 

Metamorphism is always caused by igneous invasion; depth and pressure 
modify the products of metamorphism, but rocks cannot be metamorphosed 
without the intrusion of igneous magmas. Metamorphism is here taken in its 
strict sense, excluding diagenetic processes, as defined by Giimbel, following 
the deposition of sediments, and excluding also after-effects of eruption in the 
eruptive rock itself. It is not asserted that a depression to a depth of 8 to 10 
miles could not result in products of metamorphism similar to those observed 
in the vicinity of igneous intrusions. However, instances of accessible rocks, 
undoubtedly metamorphosed at such a depth, are wanting. Careful examina- 
tions of metamorphic formations with modern petrographical methods and of 
their association with igneous intrusions reveal more and more the absolute 
dependence of metamorphism on such intrusions. 


Brief remarks were made by Messrs. A. C. Lane and T. M. Broderick. 


VOLCANIC ASH IN KANSAS 
BY KENNETH K. LANDES * 
(Abstract) 


Two ages of voleanic ash are found in Kansas. The older occurs along the 
northern border of western Kansas between “mortar beds” of Tertiary age. 
It is bluish gray in color and compact. The younger ash is white and uncon- 
solidated and is found in scattered deposits in central and western Kansas. 
It occurs with the McPherson formation and loess of Pleistocene age. 
This was originally deposited by the wind over a very large area, but it 
shortly drifted into depressions. Streams subsequently carried most of the 
material away. The deposits found today represent drifts of ash which were 
best protected from further wind activity and running water. The volcanoes 
originally producing the ash were to the southwest, the material perhaps 
coming from the Capulin group in northeastern New Mexico. 


Brief remarks were made by Pref. George F. Kay, with reply by 
the author. 


t Introduced by Raymond C. Moore. 
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CASTS AND PSEUDOMORPHS OF HALITE AND GLAUBERITE FROM .THE 
TRIASSIC OF NEW JERSEY 


BY ALFRED C. HAWKINS? 


(Abstract) 


Cavities of hopper-shaped halite crystals are found in the red Triassic shale 
in the vicinity of New Brunswick, New Jersey. 

Cavities of glauberite crystals and groups are also very common in the 
vicinity of New Brunswick. At Blackwells Mills, New Jersey, such glauberite 
cavities are found filled with secondary calcite which forms excellent pseudo- 
morphs. At New Brunswick such fillings often consist partly of small barite 
crystals, probably a result of hydrothermal action. 

These occurrences have a bearing on the problem of the climate in this 
vicinity during Triassic time. 


Read by title in the absence of the author. 


1\VORTHOSITE AND GRANITE AS DIFFERENTIATES OF A DIABASE SILL ON 
PIGEON POINT, MINNESOTA 


BY FRANK F. GROUT 


(Abstract) 


Mapping of the Rove slate formation (reported to the Society in 1926) has 
now been extended to Pigeon Point at the northeast extremity of Minnesota. 
The maps of Bayley in 1893 and Daly in 1917 have been only slightly changed, 
but the changes are very significant as to the origin of the rocks mapped. 

The sill of diabase has a chilled top of diabase abundantly sprinkled with 
phenocrysts. These cluster into masses of anorthosite in several places. It 
is especially to be noted that the feldspar formed early and rose nearly to 
the top, It did not sink or settle in the magma. 

After the anorthosite formed and was essentially solid the magma below 
differentiated to a base of olivine diabase and a residual red rock magma. 
Slight disturbances made this red rock intrude the diabase, the anorthosite 
and in a few cases the roof and floor sediments. 

This sequence may prove suggestive in other cases of association of anor- 


" thosite with diabase and more acid rocks. 


Read by title in the absence of the author. 


ANORTHOSITE OUTLIER NEAR WELLS, NEW YORK 
BY GEORGE HALCOTT CHADWICK 
(Abstract) 


The anorthosite mass of the central Adirondacks is such a defined and 
symmetrical body as to have suggested the idea that it is a huge laccolith. 
No remotely outlying occurrences, except as glacial boulders, have hitherto 
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been noted, It is a matter of peculiar interest, therefore, to report one that 
seems to be such, recently exposed about 5 miles north of Wells, on the left 
side of the new concrete highway to Speculstor. This is fully 28 miles 
(south-southwest) from the nearest outcrop of the main body at Balfour Lake. 
The exposure, though small, indicates a ledge rather than an erratic and 
contains both Marcy-type anorthosite, with handsome iridescent labradorites 
up to 6 inches long, and also patches of rusty Grenville gneiss, such as is 
normal to the immediate region, though the dominant rock here is the augite- 
syenite (nordmarkite), which is later than the central anorthosite. 


Read by title. 


. 
ROCKS OF THE BUSHVELD IGNEOUS COMPLEX, TRANSVAAL 
BY REGINALD A. DALY 


(Abstract) 


This paper is largely petrographical. Eighteen new analyses of the rocks 
are recorded and with them are entered ten other analyses, made for Dr. 
A. L. Hall and Dr, P. A. Wagner, of the Geological Survey of South Africa, 
and hitherto unpublished. Practically all published analyses of Bushveld 
Complex rocks have also been compiled. 

The evolution of the peerless Complex, a history founded on the discoveries 
of the South African geologists, is outlined. Relevant questions and sug- 
gestions are offered for discussion. The greater part of the complex is 
regarded as a colossal, lenticular lava-flow, originally about 500 kilometers 
long, 200 kilometers wide, and probably more than 10 kilometers thick in the 
central region. . The magmatic differentiation, the feldspathization of the 
invaded sediments, the cause of the flow-structure, and the cause of the 
centripetal dipping of the igneous rock members are briefly considered. An 
instructive analogy to the complex is found in the strongly differentiated 
Elands River “sheet,” which in general was extrusive, but around the Pre- 
mier Mine was roofless, extrusive. 


Read by title. 
GEOLOGICAL SUITE FROM EASTERN OREGON 
BY WARREN DU PRE SMITH 
(Abstract) 


This paper gives a description and summary of three lines of research 
carried on during the past field season in eastern Oregon by the writer. 


1. THE WaLLOWA MOUNTAINS 


The Wallowa Mountains are situated in the extreme northeastern part of 
the State of Oregon and may be considered an offshoot of the Blue Mountains. 
Very little published information is available on this region, the paper by 
Arthur M. Swartley, on the ore deposits of that region, being practically the 
only thing in the literature. * 
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The contributions made to the geology and physiography of that region last 
summer were: 

First, the mapping of the moraines around Lake Wallowa, this lake being 
the finest example of this type of lake known to the writer. 

Second, the finding of corals and sponges in a limestone reef on the north 
side of this range. These may be closely related to those discovered by J. P. 
Smith on the south side of the range in 1909. Though final determinations 
have not been made, these appear to be of Triassic or Permian age. 

Third, the tracing of the Snake River lavas from the Snake River Plateau 
to the crest of the Wallowa range, where these overlie the granites and meta- 
morphic rocks of that region, 

Fourth, evidences of comparatively recent (post-Miocene) uplift of the 
region as a whole, resulting in a rejuvenation of streams and complete modifi- 
cation of the pre-existing topography. 


2. THE OWYHEE PROJECT 


The second one of this suite of papers contains a discussion of the struc- 
tural features of the dam site and reservoir site of the Owyhee project, on 
the Owyhee River, in the extreme eastern portion of the State. The particular 
interest attached to this project is that this dam will be the highest dam in the 
world when completed—368 feet high. The dam will abut on a rhyolite 
formation of presumably Clarno-Eocene age. This is very completely frac- 
tured by five major sets of joints so that grouting on a large scale will have 
to be resorted to. There is evidence of some faulting in this vicinity. 

The country rock in the reservoir is a tuff of presumably Oligocene age. 
Dipping away from the reservoir itself these introduce other factors of more 
or less serious import into the situation. 


38. DIATOMITE DEPOSITS 


The final paper in this trio refers to the important Diatomitée deposits of 
eastern Oregon, which are of commercial importance, the one at Harper, in 
the extreme eastern portion of the State, being dealt with in greater detail. 
That near Terrebonne, on the Deschutes River, is the second one. The 
character of the diatoms in these two deposits is quite different; all species 
are freshwater forms. This material finds use in three important lines of 
industry : as an insulating building material; for purpose of filtration in oils 
and sugars; and for mixing with cement in concrete. 

As the deposit at Harper is larger than the well-known Celite deposit of 
California, considerable interest will eventually be developed in this material. 


Read by title. 


At the conclusion of this program the session was adjourned, at 5:50 
p.m. 
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MEETINGS oF THURSDAY EVENING 


PRESIDENTIAL ADDRESS 


There was delivered before the combined societies, in the gymnasium 
of Case Club, at 8:30 o’clock, the address of the retiring President, 
Arthur Keith, entitled “Structural symmetry of North America.” The 
address is published elsewhere in this number of the Bulletin. 


ANNUAL SMOKER 


At the conclusion of the presidential address opportunity was given 
to Waldemar Lindgren, Chairman of the Division of Geology and 
Geography, National Research Council, to address the meeting on the 
subject of “The National Research Council and its present work.” 

Following this discussion, the members of the Geological Society 
of America and of the affiliated and associated societies, together with 
their guests, were invited to participate in a complimentary smoker 
given by the geological departments of Western Reserve University and 
Case School of Applied Science and the Cleveland members of the 
Society, under the personal management of Frank R. Van Horn. This 
function was largely attended, giving opportunity for less formal dis- 
cussions and renewal of acquaintatice and for general social enjoyment. 





Session OF FripAy MorninG, DECEMBER 30 


The morning session was called to order at 9 o’clock by President 
Keith, in the Auditorium of Physics Building, Case School. The report 
of the Auditing Committee was called for and presented, as follows: 


REPORT OF THE AUDITING COMMITTEE 


To the Geological Society of America: 

Your Auditing Committee has examined the accounts of the Treas- 
urer and finds them to be correct, and that the securities of the Society 
deposited with the Baltimore Trust Company check with the record 
as presented by the Treasurer. 

C. E. SrepentHaL, Chairman, 
JosEPH T. SINGEWALD, JR., 
CHARLES K. Swartz, 

Auditing Committee. 


This report was received and accepted, conditioned on receipt of an 
additional section of the report covering the securities. 
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REPORT ON SECURITIES OWNED BY GEOLOGICAL SOCIETY 


5,000 City of Philadelphia 4 per cent loan of October 1, 1920, 1953. 

2,000 Texas and Pacific Railway Company first mortgage 5 per cent, 2000. 

2000 United States Steel Corporation second mortgage 5 per cent, 1963. 

2,000 Fairmont and Clarksburg Traction Company first mortgage 5 per cent, 
1938. 

2000 Consolidation Coal Company first and refunding mortgage 40-year 
sinking fund gold 5 per cent, 1950. 

2000 Southern Bell Telephone and Telegraph Company first mortgage 5 per 
cent, 1941. 

2000 American Telephone and Telegraph Company 20-year sinking fund, 
5% per cent gold debenture, 1943. 

3.000 Chicago Railways first mortgage 5 per cent. 

1,000 Louisville and Nashville Railroad Company 10-year 7 per cent gold 
note, 1930. 

1,000 Commonwealth Edison first mortgage gold 5 per cent, 1943. 

»000 Commonwealth Edison first collateral trust 5 per cent, 1953. 

2000 Anaconda Copper Mining Company first mortgage 6 per cent, 1953. 

2,000 Baltimore and Ohio Railroad Company first mortgage (4) 5 per cent, 
1948. 

»000 Central Railways oi Baltimore cousolidated 5 per cent, 1932. 

2000 Canadian Pacific Railway Company 20-year 4% per cent, 1946. 

2000 Westinghouse Electric and Manufacturing Company 5 per cent, 1946. 

2,000 Bethlehem Steel Corporation 6 per cent, 1948. 

4,000 Ontario Apartment House Company stock. 

1,000 Iowa Apartment House Company stock. 


The securities listed above have been examined and found to be in 
proper form, with coupons attached, in the safe-deposit box of the 
Society in the Baltimore Trust Company’s vault. 

JosEePH T. SINGEWALD, JR. 


The Report of the Council, action on which had been postponed pend- 
ing the report of the Auditing Committee, was then formally adopted 
by the Society. 


ADDRESS OF THE RETIRING PRESIDENT OF THE SOCIETY OF 
ECONOMIC GEOLOGISTS 


By special arrangement with the Society of Economic Geologists, 
this hour was set aside for a joint session and the address of Frederick 
I. Ransome, retiring President of the Society of Economic Geologists, 
entitled “Direction of progress in economic geology.” ; 

At the conclusion of this address the papers regularly listed for the 
morning session were presented. 
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EXPERIMENTS IN UNDERTHRUSTING 
BY GERALD R. MACCARTHY * 
(Abstract) 


Experiments made with a pressure box show that, provided a plastic sub- 
stratum be present, the following factors are favorable for the development 
of underthrusts and underfolds; great plasticity of the substratum, upward- 
moving resistances, and unequal distribution of overburden, the latter being 
especially effective when the greatest weight lies on the side of the compressed 
zone farthest from the point where the active pressure is applied. Overthrust 
structures are favored by the contrary of these conditions; that is, slight 
plasticity of the substratum, downward-moving resistances, equal dis- 
tribution of overburden or by the greater weight lying on the side of 
the compressed zone nearest the point where the active pressure is applied. 
With no plastic substratum present the effects of overburden are reversed, 
underthrusts then being favored by the greatest load lying near the point 
where the pressure is applied and overthrusts by the greatest load lying on 
the side farthest from this point. When these conditions are compared with 
the conditions under which the Rocky Mountain and the Appalachian regions 
must have been deformed it appears that a fairly good case for underthrusting 
can be made out for the former, while for the latter the question of over- or 
under-thrusts remains indeterminate. 


tead by title in the absence of the author. 


PRELIMINARY REPORT ON SOME THRUST-FAULTING INVOLVING THE 
PALEOZOIC FORMATIONS IN THE KERBER CREEK REGION OF SOUTHERN 
COLORADO 

BY W. S. BURKANK? 
(Abstract) 


A small area of Paleozoic formations and pre-Cambrian rocks is exposed 
from beneath the San Juan volcanic series along the western edge of the upper 
end of the San Luis Valley, Colorado, in the region adjacent to Kerber Creek. 
This region was studied in connection with a detailed study of the Bonanza 
mining district to determine the age and thickness of such limestone as might 
be favorable to replacement by ore-bearing solutions, and to ascertain 
whether structural conditions would permit an inference as to the position of 
these limestones beneath the volcanic formations in mineralized areas that 
lie north and northwest of the exposed sedimentary rocks. 

The sedimentary rocks range from Upper Ordovician to Pennsylvanian in 
age, attaining a maximum exposed thickness of about 5,000 feet. The basal 
part of the upper Ordovician limestone lies upon pre-Cambrian granite and 
gneiss. 





1 Introduced by William F. Prouty. 
2 Introduced by G. F. Loughlin. 
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Two major anticlinal arches exposed in the region are asymmetrical with 
steep or slightly overturned western limbs, and have been overthrust toward 
the west, the thrust occurring on a relatively low angle fault-plane. 

Subsequent to the folding and overthrust faulting, a large block consisting 
of pre-Cambrian granite and gneiss, and Paleozoic rocks was thrust northward 
or north-northeastward, overriding the previously folded strata at an oblique 
angle to their strike. The thrust-faults upon which this second movement 
took place trend roughly east and west and dip southward. 

Branching upward from the major thrust-faults, which appear to be of 
relatively low dip, there is a series of steeper thrust-faults that have resulted 
in the repetition of certain formations at the present surface. 

In front of and beneath the major thrust-planes the Paleozoic rocks have 
been thrown into secondary folds accompanied by bedding faults, and their 
direction of strike and dip has been changed until at some places it conforms 
in general with the strike and dip of adjacent thrust-planes. One of the 
earlier anticlinal folds was apparently overturned toward the northeast into a 
recumbent position and thrust over the adjacent syncline. The full extent 
of the faulting and its relation to major structure features of southern Colo- 
rado are still to be determined. 

The overlying San Juan volcanic rocks are not involved in any of the folding 
and thrusting movements and the two periods of deformation are therefore 
post-Carboniferous and probably pre-Tertiary in age. 


WILLIAMS THRUST-FAULT 
BY T. S. LOVERING? 
(Abstract) 


The writer has found a thrust-fault nearly 60 miles long, extending north- 
west from Tiger, a small settlement 2% miles northeast of Breckenridge 
to a point about 8 miles north of Kremmling. It crops out conspicuously for 
25 miles along the western slope of the Williams Range, and the name “Wil- 
liams thrust-fault” is therefore proposed for it. 

The fault dips eastward or northeastward at an angle of 20 to 30 degrees. 
Local doming has produced a window in the upper block east of Keystone 
and exposes the Cretaceous shales capped by pre-Cambrian gneisses to a 
point 44% miles east of the main outcrop of the fault. The pre-Cambrian 
rocks overlie 4,500 feet of Cretaceous shales in this locality, but the thickness 
of the underlying. Dakota quartzite and of beds below it is not certainly 
known. 

South of Tiger, the fault passes into an overturned fold. Near Kremmling 
the pre-Cambrian cover has been eroded in many places, leaving many 
isolated buttes of Cretaceous shale capped by gneisses and schists. The 
fault is older than the Tertiary intrusives of the Montezuma district and 
younger than the Upper Cretaceous (Mor*ana group) shales. The writer 
believes it to be of Laramie age. 

As the fault borders a deep sediment-filled basin and dips away from the 
basin, Lawson’s theory of underthrusting gives a very satisfactory explana- 





1 Introduced by G, F. Loughlin. 
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tion of its origin. The alternative hypothesis of overthrusting is difficult 
to accept because of the general structure of the Front Range. 


This and the preceding paper were presented by Mr. Lovering. 


BEARING OF DISTRIBUTION OF EARTHQUAKES AND VOLCANOES ON THEIR 
ORIGIN 


BY FRANK B. TAYLOR 
(Abstract) 


Many maps have been published in the last thirty or forty years showing 
the distribution of earthquakes and volcanoes. All show a marked tendency 
for both classes of phenomena to concentrate in or near to the “young” or 
so-called Tertiary Mountain belt. The belt as a whole is characterized by 
“chronic and acute seismicity.” But a large proportion of the major or 
world-shaking earthquakes have their epicenters not within the belt, as it is 
generally mapped, but on its submerged frontal slope, especially on its basal 
parts. Many also occur farther out on the ocean floor, and some far away 
from all others. Reed’s map of major epicenters for 1899-1911, inclusive, 
shows a remarkable distribution. More than two-thirds out of a total of 276 
are in the western one-third of the Pacific Ocean, mostly on the ocean floor. 

If the mountain ranges of the Tertiary belt are being made by a sliding of 
the continental crust sheets from high toward lower latitudes it is easy to 
see how stresses would be set up in the compression belt, and would cause 
earthquakes when they were relieved by sudden fracture or slipping. The 
whole mass of North America north and northeast of the Pacific ranges is 
sliding constantly southward and southwestward, without perceptible jar, ona 
deep seated basal film or layer of rock which is made potentially viscous by 
great vertical pressure and by heat, but is made actually viscous only in a 
relatively thin layer by the tremendous power of the added horizontal stress 
arising from the main crustal movement. This viscous layer is the equivalent 
of Daly’s basal layer of viscous basaltic glass. 

Where the basal thrust-planes emerge in the ocean bed beyond the shore 
of the front range, suboceanic earthquakes are produced. Nearly all major 
earthquakes are caused in these ways. Only a few are caused by sudden 
fracture and relief of tension in high latitudes. The process is the same in 
all of the moving continents; the body of the continent slides constantly and 
without a jar. Earthquakes occur only where the basal planes emerge through 
the non-viscous, fracturable crust. . 

Although Africa is the second largest of the continents, it is not moving 
horizontally, and hence has remarkably few earthquakes. Asia, which is the 
largest of the moving continents, and moves at the highest rate, has more 
intense and constant seismic disturbances than any other continent. 

Volcanoes follow in the main the same general law of distribution, and 
are due indirectly to the same horizontal continental movements, but there 
are some important exceptions in distribution, as seen in Africa, Arabia, 
India, and Australia. Some of the conditions of volcanic action, and of the 
formation of subterranean igneous bodies seem as yet largely obscure. Prob- 
ably the welling up of the great plateau basalts is relatively the simplest 
process, and marks the climax or most rapid stage of crustal movements. 
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INTERSECTION OF FAULTS 
BY CHESTER W. WASHBURNE 


(Abstract) 





Observed fault-intersections do not indicate any wedging apart of the walls 
ahead, such as would result from block-movement. An intersection nearly 
always shows that one fault antedates the other, indicating that there is no 
block-movement between opposing faults. With minor exceptions there was a 
separate period of activity for the dip-slip-faults of each trend, as well as for 


parallel dip-slip-faults inclined in opposite directions. The strain making each 


set of faults was widespread, and created many minute slips even on remote 


joints parallel to the faults of that period. Hence a study of the minute 
intersections shows which of the parallel large faults is the older, and on 
which side to look for its offset part. This greatly facilitates the correct 


mapping of faulted areas. 


HICKS BAY GRABEN, NEW ZEALAND 
BY CHESTER W. WASHBURNE 


(Abstract) 


The graben runs over 20 miles eastward and is from 3 to 4 miles wide be- 
tween normal faults of 5,000 to 7,000 feet stratigraphic throw. The fault 
on the north side of the graben is the older, as shown by its more mature 


scarp, and by the fact that a marine Pliocene formation later than the north 
fault was tilted by the south fault. A younger marine Pliocene formation 


was deposited in the valley after the completion of both walls and therefore 


is not tilted south or north by either of the main east-trending’ faults, but it 


is tilted slightly eastward, possibly by one of the north-trending faults, which 


are later. Each of the two marine invasions followed the faulting but only 


after great erosion, which indicates that at each time of faulting even the so- 
called “down-thrown” sides were uplifted. Near the center of the graben is 


the small tip of a horst, between faults of over 3,000-foot throw. Its presence 


at that place can be explained by the theory of intersecting faults, but not by 


upward and downward block-faulting. 


RELATION OF FAULTS TO FOLDS 
BY CHESTER W. WASHBURNE 


(Abstract) 


In 1908 a tabulation was made from published maps of over 1,000 faults 


located along the margins of anticlines, domes, etcetera. It showed 


that 94 per cent of the faults along the margins of anticlines add to the 
structural height, suggesting that they arose from the force that made the 


anticlines. In fault-folds the fault bears an important part in lifting the 
anticline. There are all gradations between a simple asymmetric fold, through 
various types of fault-folds, to a simple tilted fault-block in which the theo- 
retical anticlinal bending can not be detected except by instrumental leveling. 
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The prevailing type of dip-slip faults originate at right angles to the line of 
main compression. The remaining type of normal fault originates parallel 
to the line of main compression and at first it has a large component of strike 
slip. The most certain examples are the cross-faults of anticlines formed 
during the growth of the anticlines. Successive periods of normal faulting 
show a progressive decrease in the amount of bending ot the strata. In many 
cases this is assignable to shallower cover. In the successive periods probably 
there was also a progressive decrease in the relative importance of the hort. 
zontal component of force affecting the part of the structure now exposed, 
The main periods of normal faulting represent ever feebler spasmodic efforts 
of the dying mountain-making diastrophism. 


EPIANTICLINAL FAULTS OF ELK BASIN, WYOMING 
BY CHESTER W. WASHBURNE 
(Abstract) 


On the Elk Basin anticline there are three sets of normal faults, made in 
three distinct periods of faulting. Sets 1 and 2 trend nearly at right angles 
to the axis. The normal faults of Set 1 (oldest) are upthrown on their north- 
west sides and those of Set 2 (later) are upthrown on the southeast. In Set 
1 maximum throw occurs southwest of the axis; in Set 2 it occurs northeast 
of the axis. The dip of the striz decreases away from the point of maximum 
throw and approaches the dip of the strata far down the flanks where the 
stratigraphic displacement becomes small. Evidently the displacement is due 
largely to unequal upbowing of the anticline on two sides of a cross-fault. 
Some of the faults bend downward with unusually sharp curvature, concave 
toward the upthrown. They also subdivide downward. They seem to have 
gathered their displacement from more diffused over-shear movement mostly 
within the soft Cretaceous shales. Long after the cross-faults (Sets 1 and 2) 
were completed they were cut by a longitudinal fault (Set 3) along the north- 
east side of the axis. This is the only fault on the anticline which corre 
sponds with the preponderant class of normal faults, namely, those that trend 
at right angles to the line of greatest compression. In each period of faulting 
there was compression in all three dimensions, the main line of compression 
being always across the axis. When Set 1 was formed the main push was 
southwest across the axis, with minor push southeast along the axis. When 
Set 2 was formed the main push was northeast across the axis with minor 
push northwest along it. Set 3 was caused by deep overshears northeastward 
across the axis, but they formed at shallower depth, after great erosion of the 
two older sets of faults. All the faults took part in the uplift of the anti- 
cline. 

CURVATURE OF FAULTS 


BY CHESTER W. WASHBURNE 
(Abstract) 


A tilted fault-block can rotate only against a curved surface. The study 
of fault-intersections has indicated the general absence of block-movement 
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between opposing faults. Hence every fault is accompanied by tilt, and theo- 
retically it must curve downward, but the radius of curvature is so long that 
it rarely can be detected. The curvature must be concave toward the more 
active side. Equal activity of both walls is impossible on curved surfaces. 
Evidence is given that the foot-wall generally is the more active side of normal 
faults, indicating that they are concave toward the upthrown side. Experi- 
ments in cracking glass, flint, etcetera, suggest the reason for this and its 
mechanism. The plan of outcrop of isolated normal faults, remote from 
contemporary faults, also shows a general tendency to be concave toward 
the upthrown side, completing the analogy with rock-chips. Displacement 
arises largely from the concentration on a single break of multiple minute slips 
and quasiflowage that was more widely distributed at the roots of the fault. 
Concentration in space is accompanied by concentration in time; that is, in 
increased velocity. 
. 


VELOCITY OF SLIPPING ON NORMAL FAULTS 


BY CHESTER W. WASHBURNE 


(Abstract) 


The actual velocity of slipping on normal faults is unknown, but many 
facts are explainable if it is high, and consists of sudden slips of a few feet 
at a time, moving at a speed possibly of some hundreds of feet per second, 
so as to bring into play the elements of inertia and momentum; Otherwise 
the active footwall could not rise against the friction of tHe compressed 
hanging wall. The mechanism is like that of jerking a sheet of: paper from 
beneath a weight. Momentum from high velocity also enables a younger fault 
to cross an older one at sharp angle without any of its motion being diverted 
to the latter. If the radius of downward curvature of a normal fault equals 
the radius of tilting, there would be no extension of the ground across the 
fault, but if the radius of curvature of the fault is greater than the radius of 
the tilted block, some of the momentum of the active side of the block would 
be transferred across the fault to the hanging wall, thus wedging the country 
apart and so helping to create the illusion that normal faults were formed 
under tension. 


At the conclusion of this group of papers brief remarks were made 
by Messrs. Bailey Willis, Chester R. Longwell, Harry Fielding Reid, 
and T. S. Lovering. 


SYMPOSIUM ON NEW DATA ON NORTH AMERICAN STRUCTURES 


A group of seven papers had been solicited by President Keith on 
subjects connected with the general field of the symposium. To this 
series was given the rest of the morning session, under the chairmanship 
of Vice-President Charles K. Leith. 


XII—Bcti. Geor. Soc. AM., Vow. 39, 1927 
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RECENTLY DETERMINED OVERTHRUSTS IN THE APPALACHIANS 
BY ARTHUR KEITH 


(Abstract) 


Recent work in the Appalachians has shown the existence of several more 
overthrusts of extensive throw and light dip. Each of them dips southeast- 
ward, when the total plane is considered, and each has been folded or faulted 
by later movements. Districts of this nature have been discovered in the 
last few years in Alabama by Butts, in Virginia by Campbell and by Butts, in 
Pennsylvania by Knopf and Jonas, and in Vermont and Tennessee by Keith, 
The group in Virginia is in the middle and northwestern part of the Appa- 
lachian Valley, while the other groups are in the border zone of the Appa- 
lachian Mountains. All are associated with the great structural salients. 

The secondary folding of the overthrusts has brought them within reach 
of erosion, so that they are exposed in fensters far from their fronts. Meas- 
ures of throw thus made possible show a minimum travel of about twenty 
miles in several cases. “One of the Vermont overthrusts, which is fairly but 
not completely proven, indicates a throw of at least forty miles. 

Not only do the overthrusts dip to the southeast, but the rocks in contact 
on them are progressively older and deeper in the same direction. At the 
northwest, Lower Ordovician rests upon Pennsylvanian; in the middle of the 
valley, Lower Cambrian lies upon Mississippian, and at the southeast, pre- 
Cambrian extends over Ordovician in Tennessee, Maryland, and Vermont, 
and over Mississippian in Alabama. Thus, individually and as a group, these 
overthrusts descend toward or into the great Blue Ridge anticline which 
exposes the most ancient rocks and forms the chief line of uplift of the 
Appalachians. 

Brief remarks were made by Messrs. John L. Rich, H. M. Ami, and 


George W. Stose, with reply by the author. 


TWO TERTIARY EPOCHS OF THRUST-FAULTING IN THE MOJAVE DESERT, 
CALIFORNIA 


BY D. F. HEWETT 


(Abstract) 


Field-work since 1919 by Longwell in southern Nevada and by the writer 
in the adjoining territory in the eastern Mojave Desert has shown the presence 
of a group of impressive thrust-faults. There are at least five major thrusts 
which generally dip west and place Lower Paleozoic beds on Upper Paleozoic 
and Mesozoic beds. There are also many minor thrust and normal faults. 
This group of thrust-faults has now been traced northeast for more than 125 
miles, and probably it extends into central Utah. At present, the evidence 
favors the conclusion that they were formed in early Tertiary time. 

During the past year, in an area 20 by 30 miles, which includes the Kingston 
and Shadow Mountains, field-work by the writer has shown that many hills 
and ridges are made up of pre-Cambrian as well as Lower Paleozoic rocks that 
have been thrust upon Upper Miocene gravels and volcanic ash, which in 
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turn were laid down on an erosion surface cut across the rocks affected by 
the earlier thrust-faults. The area forms the southeast corner of a large 
block, probably limited southward by the Garlock fault, long considered a 
normal fault, but here interpreted as a fiaw or transcurrent thrust. The 
thrust-plate is broken by several small normal faults parallel to the Death 
Valley trough. 

These features emphasize the complexity of the structural history of the 
southern Great Basin and the need for additional areal work before confident 
conclusions can be reached concerning the relation of structural history and 
physiographic features. 


Brief remarks were made by Prof. Chester R. Longwell. 


STRUCTURAL FEATURES OF THE ATLANTIC AND GULF COASTAL PLAIN 


BY LLOYD W. STEPHENSON 
(Abstract) 


The strata composing the Coastal Plain lie in a gentle monoclinal attitude, 
and this characteristic serves to distinguish the Coastal Plain province from 
the adjacent physiographic provinces, which are characterized by uplift and 
structural deformation of one kind or another. The relative thinness of the 
wedge of Coastal Plain sediments which form a mere veneer over a basement 
of older rocks is stressed. The Coastal Plain has been subjected to broad, 
gentle warping at right angles to its trend. 

The Atlantic portion of the Coastal Plain is almost free from faulting and 
local folding. Both faulting and folding have disturbed to some extent the 
Coastal Plain sediments of the eastern Gulf region, and more numerous faults 
and folds in the sediments of the western Gulf region indicate a relatively 
greater crustal unrest. Two principal zones of faulting are recognized in 
Texas, one the Balcones fault zone, which determines the inner margin of 
the Coastal Plain from Travis County to Uvalde County, and the other the 
Mexia-Powell fault zone, which parallels the Balcones zone from Uvalde 
County to Travis County and thence extends tv the north and northeast 
approximately coincident with the outcrop of the Midway formation. The 
Balcones zone resulted from uplift in the region of the Llano upwarp in early 
Pliocene time, and the Mexia-Powell zone resulted from tilting caused by the 
weight of sediments coastward from the zone of the faulting during late 
Eocene, Oligocene, or Miocene’ time. Many minor faults and some fairly 
large ones occur between the Balcones and Méxia-Powell fault zones, and a 
lesser number of faults are known east and south of the Mexia-Powell fault 
zone. 


The structural features of the Texas Coastal Plain are contrasted with the 
more complicated structural conditions in eastern Mexico, where areas under- 
lain by Cretaceous and Tertiary strata, that might otherwise be regarded as 
the southward extension of the Texas Coastal Plain, have been subjected to 
folding, faulting, and uplift, and subsequent erosion to relatively rough topog- 
raphy, to a degree such as to prohibit their logical classification as coastal 
plain, 
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STRUCTURE OF THE OUACHITA MOUNTAINS OF ARKANSAS AND OKLAHOM, 
BY HUGH D. MISER 
(Abstract) 


The Ouachita Mountains, 200 miles in length and 50 to 60 miles in width, 
extend westward from central Arkansas into southeastern Oklahoma, about 
half of the mountain region being included in each State. The rocks, which 
are mostly shale and sandstone, with some chert and novaculite, range in age 
from Cambrian to Pottsville (Pennsylvanian), and aggregate in thickness 
25,000 feet. All the strata were deformed, presumably in late Pennsylvanian 
time, by folding and faulting that were produced by compressive forces from 
the direction of Llanoris, in Louisiana and eastern Texas. 

The crustal shortening in the Ouachita region in Arkansas is about half the 
original extent of the strata, but in Oklahoma it is apparently greater than 
half. The shortening in Arkansas is due to close folding and a minor amount 
of thrust-faulting, but the shortening in Oklahoma has been brought about 
by many long parallel thrust-faults, as well as folds. Also, the folds in 
Arkansas are characteristically isoclinal in large areas, whereas the folds in 
most of the Oklahoma area are open, though asymmetrical. 

Of the several major faults in Oklahoma, the two longest, the Choctaw and 
the Windingstair, reach into Arkansas. They are 125 and 110 miles in length, 
respectively. The usually accepted idea is that the planes of the major faults 
have steep dips—between 30 and 90 degrees. The discovery by the writer in 
1927 of a window through an overthrust mass in and near Round Prairie, in 
the Potato Hills, west of Talihina, Oklahoma, indicates the presence of low 
angle thrust-planes in the Ouachita Mountains. The actual horizontal dis- 
placement by the fault surrounding the window is at least three miles. The 
fault is interpreted to be the cropping edge of the Windingstair fault plane 
which comes to the surface at the south base of Windingstair Mountain, three 
miles north of the hills. The total apparent known extent of the fault plane 
from Windingstair Mountain into the Potato Hills is six miles. The actual 
extent, of course, exceeds this distance. The plane in this distance is some- 
what folded, but the folding of the involved rocks took place for the most 
part before the thrusting. The discovery of the window leads not only to 
the obvious conclusion that low angle thrusts exist in the’ Ouachitas, but 
points toward the conclusion that the major faults bound thin slices of the 
earth’s crust. 

A greater northward movement of the rocks of the Ouachita region of 
Oklahoma in comparison with that of the rocks of the same region in Arkan- 
sas is suggested by the arcuate forms of the structural trends. In Arkansas 
most of the trends are west and west-southwest, then along and near the west 
side of the State they bend to a west-northwesterly direction, and next they 
swing to the southwest in Oklahoma. 

The arcuate trends of the folds and faults in Oklahoma, when considered 
in connection with the considerable crustal shortening of the rock strata in 
the Ouachita Mountains, indicate that the rocks of the mountains have been 
moved in a northerly direction past the east end of the Arbuckle Mountains 
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The east end of the Arbuckles is, in fact, only about 12 miles from the west 
end of the Ouachita Mountains. 

The proximity of the Ouachitas to the Arbuckles, when considered in con- 
nection with their strikingly diverse rock facies, suggests, as has been pointed 
out by C. L. Dake, that the Ouachita rock section in this part of Oklahoma 
has been thrust northward a long distance over rocks of the Arbuckle facies. 
How great the distance is we do not know, but it is perhaps at least 20 miles. 


Brief remarks were made by Messrs. C. W. Honess, F. K. Morris, 
Sidney Powers, Arthur Keith, C. N. Gould, C. L. Dake, and Frank B. 
Taylor. 


FRAMEWORK OF SOUTHEASTERN NORTH AMERICA 
BY RAYMOND C. MOORE 
(Abstract) 


Evidence concerning the geologic framework of southeastern North America 
is found (1) in the distribution and relationships of Paleozoic borderlands and 
geosynclines, (2) in other tectonic features, (3) in the character and thickness 
of sedimentary formations, and (4) -in the nature and distribution of fossil 
faunas. 

Observations are offered pointing to the conclusion that the Ouachita 
trough is a continuation of the Appalachian geosyncline, and that eastern 
Llanoria may have joined southwestern Appaiachia. In Texas, the Ouachita 
trough is traced under cover by means of well samples and other evidence. 
The Arbuckle geosyncline in southern Oklahoma appears not directly related 
to the Ouachita trough nor to the Llanorian landmass. 

Other tectonic features, too numerous to list here, bear on the subject. 
Among these are: (@) relatively stable blocks like the Floridian platform, 
(b) flexures and faults with persistent trend, and (c) downwarps such as 
the Mississippi embayment. 

Post-Paleozoic sediments of the Gulf region probably exceed 15,000 feet in 
maximum thickness, a figure equal to the greatest depth of the Mexican Gulf. 
Since parts of the region are known to have been land in Paleozoic time, it 
is suggested that much of the depression in the Gulf and bordering territory 
is post-Paleozoic in age. 

Graptolite-bearing deposits in the eastern part of the Appalachian trough 
are sharply differentiated faunally and lithologically from other sediments 
in this region but correspond very closely to the deposits of the Ouachita 
trough. Relations indicate continuity of these graptolitiferoas rocks and 
seem to preclude possibility of so-called Gulf faunal invasions by way of the 
Mississippi embayment at least in Ordovician time. This embayment appears 
wholly post-Comanchean in age. 

The oldlands of the Mexican Gulf region are believed to have been depressed 
beginning with the orogenic movements of late Paleozoic time. The possible 
existence in the Gulf area of Triassic. basins comparable to those of north- 
eastern America in like geologic relations is suggested, and the formation of 
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extensive salt deposits in Louisiana, Texas, and probably reaching a consider. 
able distance beneath the Gulf, is assigned to the Mesozoic. 


Brief remarks were made by Dr. H. M. Ami. 


TECTONICS OF ARIZONA AND NEW MEXICO 
BY N. H. DARTON 
(Abstract) 


In the study of many parts of Arizona and New Mexico data have beep 
obtained for the representation of the larger structural features by contour 
lines at the top of the Kaibab and Chupadera limestones, These lines bring 
out the fact that there are alternate zones of crumpling and block-faulting 
giving rise to basin-range ridges and broad plateaus. In New Mexico 
especially there are large elongated domes which are faulted along their 
higher parts, but overarch more or less completely at either end. This type 
is to be called-“Sandia structure,” from Sandia Mountains, where it is well 
exhibited. 


OROGENY OF THE CANADIAN SHIELD 
RY W. H. COLLINS AND W. F. JAMES 
(Abstract) 


The present land surface of the Canadian Shield is one of low relief, but 
there is geological evidence that at least three widely separated times during 
Precambrian time mountain systems were elevated and destroyed. Infer- 
ences as to the nature and location of these Precambrian mountains are 
based on the intense folding of great thicknesses of strata and the intrusion 
of large batholiths of granitic material in or near the belts of disturbance 
at about the time of deformation. 

The youngest mountains thus formed, called the Killarnean or Penokean 
system, involved chiefly Huronian strain and were elevated in late Pre 
cambrian time, during or following the Keeweenawan. Their denuded roots 
extend for seven hundred miles along the south side of Lake Superior and 
north of Lake Huron to Lake Timiskaming. Westward they disappear 
beneath the Paleozoic and eastward they have not been studied in detail. 
The northern edge is marked by relatively undisturbed Huronian formations, 
while the southern edge is covered by Paleozoic sediments. The present 
known width is from fifty to two hundred miles, but the actual width is 
probably twice as great or more. The remnants of the mountains are char- 
acterized by the high-angle or vertical thrust-faults usual in ancient moun 
tains. Erosion had cut deeply into the mountains, probably to the extent 
of six miles, previous to the early Paleozoic. 

To the north of this Killarnean zone lie the highly metamorphosed rem- 
nants of the older orogenies, scattered over a large area and associated with 
much greater bodies of intrusives. The superposition of Algoman on Laurel- 
tian orogeny makes it very difficult to distinguish the axial trends and extents 
of the two, but a trend between north 60 degrees east and east is marked 
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in the area south of Hudson Bay. The thickness of strata involved was 
probably greater than in the Killarnean and the antiquity of the systems 
is indicated by their total peneplanation previous to the deposition of the 
Huronian. 


At this point, at about 1:10 p. m., the session adjourned for luncheon. 





SESSION OF FripAy AFTERNOON 


The afternoon session was called to order at about 2 o’clock, in the 
Auditorium, with Councilor U. 8. Grant in the chair, and proceeded 
directly to the reading of scientific papers. 


TITLES AND ABSTRACTS OF PAPERS 


BASIN RANGE FAULTS IN THE OQUIRRH RANGE, UTAH? 


BY JAMES GILLULY?” 


(Abstract) 


The Oquirrh Range, Utah, is bounded on the west by a group of en echelon 
normal faults which are demonstrable on stratigraphic as well as physio- 
graphic evidence. Excellent exposures of the actual fault surfaces show that 
their dips vary from 40 to 80 degrees—averaging 55 degrees. The faceted 
spurs slope at angles of 30 to 35 degrees, indifferent to variations in the dip of 
the faults at their bases. The inference is drawn that the oft-repeated slope 
angle is primarily a function of erosion, not of fault dip. Evidence is pre- 
sented that some of the faults showing recent movement were in existence 
probably as long ago as late Eocene. Gilbert’s analysis of the Oquirrh Range 
as an eastward tilted fault-block is confirmed. The geologic evidence seems to 
show that while the broader area of which the Oquirrh Range is a part is in 
isostatic equilibrium, the range as a unit is not compensated. 


Brief remarks were made by Prof. Harry N. Eaton. 


STRATIGRAPHY AND STRUCTURE, GOLD HILL QUADRANGLE, UTAH * 
BY THOMAS B. NOLAN * 
(Abstract) 


The Gold Hill Quadrangle includes the northern end of the Deep Creek 
Mountains of west-central Utah. Within it is found the following sequence of 
sedimentary rocks: 





1Published by permission of the Director, U. 8S. Geological Survey. 
*Introduced by G. F. Loughlin. 

* Published by permission of the Director, U. 8S. Geological Survey. 
‘Introduced by J. T. Lonsdale. 
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The structural history is long and complex. Throughout the Paleozvic the 
several unconformities found indicate periods of gentle warping. At some 
time before the deposition of the Eocene sediments, the Paleozoic and Lower 
Triassic rocks were deformed and subsequently eroded. At such places where 
the effects of this earlier deformation can be isolated from those of later move- 
ments, it appears to have been either a general tilting or gentle broad folding. 
In post-Eocene time, a second major period of diastrophism occurred. During 
this period, times of compression, represented by overthrusts and transverse 
faults, alternated with times of tension, represented by normal faults. In- 
dividual overthrusts are terminated in both directions by transverse faults 
or “flaws.” Near these flaws the details of overthrusting are very complex. 
The location of many of the overthrusts was strongly influenced by either the 
initial topography or by the topography resulting from earlier movements. 
Near the end of the later period of deformation a large stock of quartz mon- 
zonite was intruded, the boundaries of which, in many places, are along the 
earlier faults. 


From physiographic evidence faulting of the Basin Range type in the 
northern portion of the quadrangle is thought to have been confined to renewed 
movements along earlier faults. In the southern portion of the quadrangle the 
Deep Creek Mountains are bounded both to the east and west by faults, which, 
to judge from the topographic development of the range on either side of the 
divide, are not exactly contemporaneous. Locally, structural proof of these 
faults may be found. 
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PRIMARY STRUCTURE OF THE SIERRA NEVADA INTRUSIVE IN A CROSS- 
SECTION FROM YOSEMITE VALLEY TO MONO LAKE, CALIFORNIA 


BY H. CLOOS AND R. BALK? 
(Abstract) 


The primary structural elements are: Platy and linear parallelism of the 
minerals, acid and basic dikes, joints, slickensides, arrangement of inclusions 
and others. 

Along the steep contacts, the granodiorite develops a platy parallelism 
(schlieren) which coincides with the contact-planes in strike and dip. In the 
central part of the massif, linear parallelism of the hornblende and mica 
predominates. Both elements arrange themselves into a dome-like structure, 
with gentle pitch-angles in the center, and increasing dip of the schlieren 
towards the contact. Rare inclusions of the country-rock do not disturb this 
dome-structure of the schlieren. 

At the contact, the granodiorite grows gneissic, the foliation conforms with 
every curvature of the boundary-line. The gneissic foliation is older than 
aplites which cross it and contain inclusions of gneissic granodiorite. The 
contact-plane is sharp and distinct, no signs of marginal melting are visible, 
either along the main contact or on inclusions. The schlieren-dome appears to 
be the result of an active upward flow of the magma, retarded along the flanks 
of the intrusive, but intensified with regard to the differential movement. 

Systems of marginal tension-joints are so arranged that they strike sub- 
parallel with the contact, dipping into the massif, approximately at right 
angles to the schlieren and the contact-plane. Thus, they ‘suggest a fan struc- 
ture which spreads and curves on both contacts. : 

In the northeast, these tension joint-planes are follewed by aplites and 
epidote-tourmaline veneers. Both joints and schlieren grow scarce towards 
the central parts of the massif. The area from Half Dome eastward is prac- 
tically free from joints, and large dome-mountains and monoliths result. 
With the approach of the contact-zone, joints reappear and prevent the forma- 
tion of dome-mountains. 

The outlined relations are well brought out along the northeastern contact. . 
In the southwest, from Yosemite Valley to El Portal, a variety of basic rocks 
complicates the structures. The rocks are partly foliated, slightly older than 
the granodiorite, and less completely exposed than the intrusive farther east. 

A critical examination of the structural features strongly indicates a pre- 
dominantly upward movement of the magma and a noticeably lateral expansion 
which made room for the intrusive. The strict concordance of the contact 
with the strike and dip of the wall-rocks, the distinctness of the boundary- 
planes, the appearance of conformable gneissic foliation along the contact 
indicate intensive differential movements within the intrusive. Phenomena of 
melting or stoping, which would have brought the magma into its present place 
in the crust, are exceedingly rare. 


Presented in abstract extemporaneously by the junior author. 


Brief remarks were made by Prof. Bailey Willis. 
cieinanteeemmemaennaies 
‘Introduced by Charles P. Berkey. 
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INTRUSION MECHANICS OF THE HARNEY PEAK BATHOLITHIC GRANITE 
BY J. J, RUNNER? 
(Abstract) 


The existence of inclusion of sediment lying “apparently undisturbed,” 
that is, with the bedding planes of the various inclusions essentially parallel, 
within the igneous mass of a batholith has commonly led to the interpretation 
that the magma has quietly stoped its way and has not thrust aside the 
inclosing rocks. In this regard the evidence of the inclusions within, and the 
apparent disturbance of the surrounding rocks by the Harney Peak granite 
batholith seem in conflict. 

The observed phenomena are these: 

Thousands of inclusions of sediments of widely varying sizes and shapes 
are to be found within the granite. Within restricted areas the bedding 
planes are essentially parallel. Plotting dips and strikes of inclusions reveal 
gentle folds. The distribution of inclusions is various, but systematic. Areas 
of most numerous inclusions are usually flat-bottomed valleys or low places. 
Steep walls of granite with few or no inclusions rise above. Dips of bedding. 
planes of inclusions are generally low, but increase outward toward the 
margin of the granite. 

The granite shows small variations in texture, composition and structure, 
revealing dikes and sills of later granite within older, Banding parallei to 
dip of inclusions occurs in spots, but is by no means continuous. The granite 
shows little of cataclastic effects. The main mass of granite grades off 
into areas of no granite by dikes and sills becoming smaller and less numerous, 

The sediments at the border of the granite area dip away from the batholith 
at first gently, and as one proceeds away from the edge, more and more steeply, 
until finally they are found to have been thrown into steep isoclinal folds, 
many of which are overturned. 

The author’s interpretations are these: 

The mass of granite magma moved forward under great pressure as a 
series of waves of small dike and sill-like injections into the nearly flat-lying 
sediments above. After the first wave containing a relatively small amount 
of magma had penetrated as far as possible it crystallized and aided in holding 
the mass rigid. Successive waves followed, each penetrating farther and 
increasing the volume of granite at lower levels, until granite became the 
dominant material. At all times the inclusions wefe held more or less firmly 
so that they did not sink nor rotate much in position. Assimilation materially 
reduced their size, as is plainly evident in some areas of banded granite. 
Granite near the center of the batholithic area is older than that at the 
margin on the same level, hence the marginal inclusions dip more steeply. 
By the combined effect of all intrusions the bordering sediments are greatly 
compressed and folded, That the folding did not take place by crushing of 
sediments against a granite buttress is shown by the fact that the border 
granite shows little or no cataclastie effects. 


Read by title in the absence of the author. 


1 Introdueed by R. T. Chamberlin. 
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SIGNIFICANCE OF THE MATILIJA OVERTURN 
»RY PAUL F. KERR AND HUBERT G. SCHENCK 1 
(Abstract) 


Matilija is located in the southern part of the Coast Ranges of California, 
about 80 miles northwest of Los Angeles. The district is one of well exposed 
sedimentary rocks, underlain by Oligocene, Eocene, and Cretaceous strata. 
Deformation has been extensive and the various beds have been tilted, folded, 
overturned and faulted in a striking manner. During the course of the 
detailed mapping it was found that the direction of movement could be inter- 
preted from criteria existing in structural features, 

In the case of several faults with a material displacement the fault plane 
was observed to have a north dip and the fault itself was a thrust showing 
the older formations in the overthrust block. Overturned folds were dis- 
covered with axial planes having a north dip. The Matilija Overturn was 
found to show Eocene strata resting on a younger formation in conformable 
contact, all having the same north dip. These observations, combined with 
studies of attitudes of strata, joiiits, and shear zones led to the following 
conclusions : 

1. The major release of pressure has acted along a north-south line. 

2. The overthrust blocks on fault planes have moved from north to south 
and the general overturning of structures has been produced by a release of 
pressure in the same direction. 


Presented in abstract extemporaneously by the senior author, 
Brief remarks were made by Prof. Bailey Willis, with reply by Pro- 
fessor Kerr. 


ROOF COLLAPSE IN THE LATE PALEOZOIC ALKALINE BATHOLITHS 
BY MARLAND P. BILLINGS? 
(Abstract) 


This paper presents the general conception that the roofs of some of the 
Late Paleozoic alkaline batholiths foundered in the closing stages of intrusion 
and that great blocks settled into the molten magma below. The idea origi- 
nated from detailed field-work in the White Mountains of New Hampshire, 
but a survey of the literature showed that the same phenomenon may be 
observed in a number of the Late Paleozoic alkaline batholiths. 

The White Mountain alkaline batholith and the associated stocks cover 
about 740 square miles. They are probably of Late Devonian age and are 
intrusive into the pre-Cambrian (?) Montalban schists and Chatham granites. 
The plutonic phases of the batholith include diorite, pulaskite, nordmarkite, 
hastingsite granite, riebeckite granite, biotite granite, and nepheline syenite. 
The extrusive phases include comendites, riebeckite comendites, trachyte. 
feldspathic tuffs, and such mixed rocks as clay-slate breccias and polygenous 


1Introduced by Charles P. Berkey. 
* Introduced by Esper S. Larsen. 
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breccias. The series is at least 10,000 feet thick. The extrusive rocks 
occur as five isolated masses from 3 to 5 miles in diameter and are intruded 
and usually surrounded on all sides by plutonic phases of the batholith. These 
voleanics appear to be huge xenoliths isolated in the nordmarkites and 
granites of the batholith. One fact that implies that they are great inclusions 
is the difference in orientation of the two masses that have been studied ine 
detail. Moreover, the volcanics are found only within the limits of the batho- 
lith and never beyond its walls. Evidence is offered that these blocks of vol- 
eanics have settled from above due to the collapse of the roof of the batholith. 
Some blocks are believed to have settled at least 3,500 feet and probably much 
more. Other Late Paleozoic alkaline batholiths that show similar phenomena 
are those at Oslo (Christiania), Norway, where blocks have settled at least 
4,000 feet (Brigger), and at Ilimausauk, Greenland, where the subsidence 
amounts to at least 2,000 meters and probably at least three kilometers 
(Ussing). 

Brief remarks were made by Prof. F. K. Morris, with reply by the 
author, 

STRUCTURE OF THE PITTSBURGH BASIN 
BY G. B. RICHARDSON 


(Abstract) 


Lantern slides will be shown of contoured structure maps of the Pitts- 
burgh Basin—the spoon-shaped trough which lies on the western limb of the 
Appalachian geosyncline between the axis of the Cincinnati anticline and the 
Allegheny Front, and which extends from New York to Kentucky. The slides 
bring out relations that are not apparent on maps of small areas. Axial 
trends, the subordinate folds developed on the major syncline, and the develop- 
ment of cross structures are discussed. Chief attention is given to the struc- 
ture of the surface rocks. The effect of unconformities and of eastward 
thickening of the strata on the structure of the deep-lying rocks, knowledge 
of which is obtained from well records, is briefly discussed. : 


Read by title in the absence of the author. 


EARTHQUAKE CONDITIONS IN SOUTHERN CALIFORNIA 
BY ROBERT T. HILL 
(Abstract) 
Dr. Bailey Willis has made several predictions of serious earthquake 
disaster for Southern California in general and Los Angeles in particular? 
Some of the principal statements are as follows: 


“Indications are that we may anticipate a grave, far-reaching quake in 
Southern California.” . . . “A great shock may come soon or within a 


1“4 rational basis of earthquake insurance,”’ National Board of Fire Underwriters, 
New York, May 24, 1926, “Underwriting earthquake hazards,” Star and British Do- 
minions Insurance Co., Ltd., of London, 49th annual meeting of the Fire Underwriters 
Association of the Pacific. 
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decade, or not until after more than a decade.” . . . “I regard it probable 
that in Southern California there will be a severe shock which is more 
likely to come in three years than in ten and more likely to come in five 
than in three.” 

This prophecy was repeated in October, 1927. Some of the evidence offered 
by Doctor Willis are as follows: First, the more or less vague history of 
earthquake movement in the past, a record he himself has suggested may not 
be very definite; second, the theory that certain small shakes of past years 
are premonitory to a greater one yet to come; and finally and chiefly, upon 
certain measured movements of the mountain masss. 

The suggestion that the Inglewood and other seisms of 1920, in the 
vicinity of Los Angeles, were premonitory quivers to a larger release, has 
not yet been substantiated, but on the other hand there appears to have 
been considerable decrease. Historical records on earthquakes in the Los 
Angeles region are greatly exaggerated. No well constructed buildings in 
that rgion have been seriously damagd by earthquakes, and structures erected 
by the earliest Spanish colonists are still standing intact. Doctor Willis 
has stated that the basis for his predictions of earthquakes in Southern 
California was the measurements by the Coast and Geodetic Survey show- 
ing that mountain masses have moved through measurable distances, notably 
in the case of Gaviota Peak, which was thought to have moved about. 24 
feet in 30 years. The direction of movement was northward or “away from 
the source of pressure, consequently indicating a growing strain.” This 
strong argument was based on the statement made in Coast Survey Paper 
106, published in 1924, giving results of re-surveys since the San Francisco 
disaster. In reply to my recent request for the latest data the Coast Survey 
states: “Readjustment of old work shows less movement than preliminary 
results indicated. Gaviota 5 feet southeast of old position” (instead of 30 
feet north as stated in Paper 106). These greatly diminished figures must 
indicate much less strain than has been suggested, and correspondingly less 
chance of verification of the disquieting prophecies made by Doctor Willis. 
Notwithstanding the suggestion that the next great earthquakes were to be 
in Southern California, there have been in the latter part of 1927 several 
major shocks along the general zone of seismic disturbance—once in the 
ocean off British Columbia, one in the Cholumne Valley of Northern Cali- 
fornia, and another along the Santa Ynez rift near Lompoc. It is to be 
hoped that with the new light en the amount and direction of movement 
Doctor Willis may modify his statements in this connection to quiet the 
fear which his predictions created in the hearts of the people of Southern 
California and restore confidence in financial circles which has taken so 
seriously the hazard of earthquake damage. 


Brief remarks were made by Prof. Bailey Willis. 


STRUCTURE OF THE KILLARNEAN TERRANE 
BY TERENCE T. QUIRKE 


(Abstract) 


The general structure of the rocks invaded by the Killarney batholiths is 
radiating, resembling a partly unfolded fan or wrinkles in the sleeve of a 
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coat when the elbow is bent. These flexures plunge generally southward 
from a center of radiation about 20 miles southeast of Sudbury, swinging in 
the neighborhood of Killarney from a general strike of about north 70 de- 
grees east to north 30 degrees west along the shores of Georgian Bay between 
Pointe au Baril and Key Harbor. The batholiths are nearly all sill-shaped, 
commonly less than one-half mile wide transverse to the general strike of the 
rock, and continuing for a score of miles or less towards the apex of the fold 
system. The batholiths are evidently differentiates intruded at different 
times. They range in composition from diorites with labradorite feldspars 
through many intermediate types to nepheline syenite and other highly 
alkaline rocks. The invasions are more predominant far from the center of 
the fan structure than they are near it; the distribution and the form of the 
intrusions indicate a dependent or subordinate relationship to the major 
disastrophie control. 


GEOLOGY OF DEEP SPRING VALLEY, CALIFORNIA 
BY WILLIAM J. MILLER 
(Abstract) 


Deep Spring Valley is one of the most remarkable desert basins in California. 
The valley and vicinity, as considered in this paper, comprises an area of 
about 135 square miles of the northern part of Inyo County. The valley itself 
is an elongate, oval-shaped basin 13 miles long with a maximum width of 
4% miles. The floor of the valley is about 5,000 feet above sealevel, and 
the immediately surrounding mountains rise to altitudes of 6,000 to 9,000 
feet. 

Lower Cambrian strata nearly 2 miles thick resting by unconformity on a 
series of Precambrian strata are wonderfully exposed. A large body of 
granodiorite, and closely associated rocks, probably of late Jurassic age, 
has intruded the strata. Small basic dikes cut the granodiorite sharply. 

The whole area is a mosaic of more or less well-defined normal fault-blocks. 
Deep Spring Valley very clearly owes its origin to faulting. Deep Spring 
fault, bounding the valley on the east, has a displacement of at least 3,000 
feet, most of it with topographic expression. The scarp of this fault exhibits 
a remarkably well-preserved series of great fault facets. Dislocation has 
taken place so recently along this fault that nearly all alluvial cones for 
miles along the base of the great scarp are sharply faulted and even trough- 
faulted. The scarps in the cones are commonly from 10 to 60 feet high. 

Wonderfully preserved river deposits, including gravel and boulders, occur 
at several places on top of the desert range on the northeastern side of the 
valley. These river beds, from 1,000 to 1,500 feet above the floor of the 
valley, no doubt represent courses of Wyman Creek before and during the 
dislocation of the region by faulting. 

* Near the northeastern end of the valley a field of very fresh lava has been 
dislocated vertically at least 1,500 feet. 

A Quaternary fresh-water lake hundreds of feet deep occupied the valley 
as proved by the shell-bearing deposits. This lake had an outlet eastward 


through Soldier Pass, 
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ADDRESS OF THE RETIRING PRESIDENT OF THE PALEONTOLOGICAL SOCIETY 


At 4 o’clock, the hour announced for the joint session with the 
Paleontological Society, the meeting was taken in charge by Vice-Presi- 
dent William A. Parks, retiring President of the Paleontological Society, 
presented his address, entitled “Some reflections on paleontology.” 

At the conclusion of this address the program was continued with the 
titles as listed. 


TITLES AND ABSTRACTS OF PAPERS 


GEOGRAPHY, GEOLOGY AND MINERAL RESOURCES OF PART OF SOUTH- 
EASTERN IDAHO—A SUMMARY 


BY G. RB. MANSFIELD 
(Abstract) 


The Geological Survey in December, 1927, published as Professional Paper 
152 a comprehensive report having the same title as this paper. This marks 
the completion of an important phase of a long program of research by 
members of the Survey in the geography, stratigraphy, volcanism, geologic 
structure, and economic geology of the Rocky Mountains in southeastern Idaho. 
The work began in 1909 and has continued intermittently until the present, 
but the report includes only a few observations later than 1922. The more 
recent work has been done in adjacent areas and will be published later. 

The author expects to display the geologic maps and structure sections, 
which accompany the report, and to summarize briefly the results obtained in 
the fields indicated above. Special emphasis is laid on the geologic structure 
with reference to overthrust faulting and its relation to problems of moun- 
tain building. The report discusses numerous other problems which have 
arisen during the work. The region includes what is believed to be the richest 
portion of the great western phosphate field. The map and structure sec- 
tions have already been used in the classification of public lands and the 
estimation of reserves of phosphate rock. With little doubt they will also 
serve as the basis for a future mining industry in that region. 


Brief remarks were made by Prof. Bailey Willis. 


GENERATION OF PETROLEUM AS AN ACCOMPANIMENT OF MOUNTAIN 
BUILDING + 


BY JOHN L. RICH 
(Abstract) 


During the formation of mountains of the Alpine or Appalachian type, 
geological situations are developed which it is believed are in effect giant high- 
pressure cracking stills in which sediments containing the mother rocks of 





Published in the Bulletin of the American Association of Petroleum Geolozists, 
volume 11, 1927, pages 1139-1149. 
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petroleum are caught under the overthrust sheets of the growing mountains, 
sunk deeply into the crust either on account of isostasy or of underthrusting, 
and there subjected to long-continued stresses and high temperatures which 
“crack” the kerogen or other mother substances into petroleum and natural 
gas. The pressure of the gas, in conjunction with the high temperature, 
drives the petroleum laterally out toward the margins of the affected areas, 
Later, the physiographic developments which characteristically follow moun- 
tain building lead to the gradual uplift and uncovering of the oil-bearing 
rocks, the establishment of artesian circulation, and a rearrangement of rock 
fluids during which the oil may be carried far from its place of origin and 
more or less altered on the way. 

Generation of petroleum in the manner suggested harmonizes with and 
explains the empirical rule for oil occurrence known as the “carbon ratio 
theory” but leads to different explanations of some of the facts of oil gravi- 
ties. This explanation of the origin and distribution of petroleum seems 
quantitatively competent and more in accord with field evidence than current 
theories of generation essentially in situ. 


Brief remarks were made by Prof. Bailey Willis. 


TERTIARY STRATIGRAPHY OF WEST TENNESSEE 
BY JOSEPH K. ROBERTS 
(Abstract) 


The Tertiary belt of west Tennessee as mapped and studied by R. L. Collins 
and the writer is a part of the great embayment area, and it extends from 
Mississippi across Tennessee between the Tennessee and Mississippi rivers 
into Kentucky. The Tertiary in the main comprises deposits of Lower 
Eocene (Midway and Wilcox) and Upper Eocene (Jackson), the Middle 
Eocene (Claiborne) being absent, In addition to these Eocene deposits there 
are certain problematical sands and gravels, commonly known as Lafayette, 
which are Plio-pleistocene in age. 

The Midway group comprises the Clayton formation and the Porters 
Creek clay. The Clayton is an impure limestone containing casts of marine 
invertebrates, considerable greensand, and in places it is quite siliceous. 
It lies unconformably on the Upper Cretaceous. Only a small portion of the 
Clayton extends over into Tennessee, and it is found in the southeastern edge 
of the Tertiary belt in Hardeman County and not more than 10 miles from 
the Mississippi line. Its thickness is not very great. 

The Porters Creek clay is a smooth, uniform, and dove-colored clay contain- 
ing a few casts of marine invertebrates, considerable greensand near its base, 
and shot through with numerous dikes in the southern portion of the belt. It 
extends as a narrow belt across the State, and when not in contact with the 
underlying Clayton limestone, it is unconformable on the Upper Cretaceous. 
It is from 85 to 125 feet thick. 

The Wilcox group is represented by the Holly Springs and Grenada, the 
basal portion (Akerman of Mississippi) being absent. The Holly Springs is 
trom two to four times as thick as the Midway clay and consists of clay 
conglomerates, sands, clays, and small thickness of indurated beds, It yields 
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a well preserved and varied flora which in part has been described by E. W. 
Berry. Only a sparse fauna has been found consisting of a few termite wings 
described by Collins, some beetle elytra, and some caddis fly cases described 
by Berry. 

The Grenada consists of sands, clays, and beds of indurated clay. It con- 
tains a fairly well preserved flora, which has been described along with the 
Holly Springs. No faunas have been found to date. The Grenada is from 
100 to 150 feet thick. The Wilcox belt is about 70 miles wide on the Missis- 
sippi line, and it narrows to the north until it is about 60 miles on the Ken- 
tucky line. The western one-third of the belt is covered with the Plio-pleisto- 
cene deposits, ° 

The Jackson deposits overlie the Grenada unconformably and are from 75 
to 150 feet thick. They consist of sands, clays, impure lignites, and con- 
solidated beds of sand. The clays contain a fairly abundant flora not well 
preserved but no faunas. The Jackson is unconformably overlain by the 
Plio-pleistocene sands and gravels, and the latter contain no fossils except 
a few reworked Paleozoic invertebrates. 

The Tertiary beds dip at low angles to the west and southwest. Their 
total thickness is probably not over 2,000 feet. 


On account of the lateness of the hour, the rest of the papers sched- 
uled for this session were postponed. 


ANNUAL DINNER 


At 7 o'clock the Geological Society of America and its guests, to- 
gether with the attending members of the Paleontological Society, the 
Mineralogical Society of America, and the Society of Economic Geol- 
ogists, assembled at the Hotel Cleveland for the annual dinner. There 
was an attendance of 298, one of the largest in the history of the Society. 
At the conclusion of the dinner President Keith gave an illustrated 
sketch of his early experiences in geology, reviewing some of the scenes, 
problems, and friendships of those days in the Southern Appalachians. 
He then introduced Alfred C. Lane as toastmaster, who, after an enter- 
taining prelude, called upon the following Fellows to respond: Bailey 
Willis, the newly elected President of the Geological Society of America ; 
Frederick L. Ransome, President of the Society of Eeonomic Geologists ; 
Ernest Howe, Editor of The American Journal of Science; Waldemar 
T. Scholler, President of the Mineralogical Society; Raymond C. Moore, 
Alan M. Bateman, and William H. Hobbs. 


PRESENTATION OF THE PENROSE MEDAL ’ 


Arrangements had been made to present on this occasion the Penrose 
Medal of the Society, given this year for the first time. The award 
of this medal is made for distinguished attainment and outstanding 


XIII—BcLt. Grout. Soc. AM., Vou. 39, 1927 
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contribution to the advancement of the science of geology. The unani- 
mous choice of the Committee on Award and the Council of the Society 
was Thomas Chrowder Chamberlin, whose qualifications had been formu- 
lated in the following terms: 


“His really wonderful series of mature, well thought out contributions 
to earth genesis, involving a novel, well developed hypothesis, known as 
the Planetesimal Hypothesis, which has been for many years the subject 
of serious, respectful discussion among the ablest geologists of the world, 
Professor Chamberlin has taken a notable part in this discussion, both in 
reply to criticism or comment and in respect to new independent ideas on 
the subject. 

“His fundamental studies in those aspects of geology which lie in the field 
between clearly defined geological history and that stage in the story of the 
earth which is commonly considered as the field of the astronomer. No story 
of the earth can be considered as ultimately satisfactory which does not 
involve the relationship covered by this extremely difficult phase of science. 
While Professor Chamberlin’s contributions have been largely on the theo- 
retical side, they are nevertheless fundamental and will serve an important 
function in future development of earth history. 

“The long series of articles entitled ‘Diastrophism and Formative Pro- 
cesses,’ which give the results of long and thoughful study on many inm- 
portant problems. 

“The series of important contributions to the theory and history of glacia- 
tion, beginning with the records of the great Glacial epoch, its analysis, 
epochs, deposits, processes involved, and the correlation with current con- 
tinental glacial conditions in Greenland. 

“His eminence as a skillful observer of natural phenomena, who has 
widened the bounds of geologic knowledge; an eminent teacher of earth 
science, who has shaped the course of much geologic thought; a profound 
investigator of terrestrial problems, who has blazed new paths in varied 
fields; and an able philosopher, whose brilliant, mind has pictured our earth's 
beginnings in time and space. 

“The originality, profundity, highly varied scope and distinguished value 
of his contributions in the fields of tectonics, glaciology, climate, oceanog- 
raphy, stratigraphy, and cosmogeny, which have long made him preeminent 
among geologists not only in America, but in the entire scientific world.” 


At the conclusion of the presentation by President Keith, response 
was made by Professor Chamberlin, who referred in a most feeling 
way to the long years of service which he had devoted to geology and the 
effort that he is still giving, as his career is surely drawing to a close. 
True to his lifelong practice of putting his science to the fore, Pro- 
fessor Chamberlin then talked in his inimitable manner on the subject 
closest to the spirit of the hour. 











ni- 


nu- 


Os 


ject 


See 


eld 
the 
ory 
not 
nce. 


ant 
ro- 
cia- 


sis, 
‘On- 


ing 
the 


ject 








PRESENTATION OF PENROSE MEDAL 195 


ROSPONSE OF T. C. CHAMBERLAIN 


Mr. President, Members of the Geological Society of America, and 

Friends: 

To be the first recipient of the Penrose Gold Medal from the Cieo- 
logical Society of America under any circumstances would fill me with 
the deepest sense of gratitude; but to receive it in the presence of this 
brilliant audience, presented in such gracious terms as those your 
Prsident has chosen, to realize that it comes from the most productive, 
most independent, most discriminating and perhaps most critical geo- 
logical society our planet has yet evolved, fills me with emotions for 
which I can find no adequate utterance. I do not dare to assume, I am 
sure I ought not to assume, that it means an unqualified endorsement 
of all the tenets I have urged or of all the hypotheses I have advanced, 
but I think I may assume that it signifies your approval of the earnest 
endeavor I have made to find a better basis for the fundamentals of our 
science, and your appreciation of the tenacity with which I have stuck to 
the interminable job in spite of the advance of years. I beg to assure 
you that, though there is no end in sight, there is more to come. 

I have a peculiar interest in this society. I may claim to have been a 
member of it while it was yet merely a subject of debate. I was not its 
chief promoter, but I stood by and held the clothes of those who were. 
It is natural, therefore, that 1 weave it into my dreams and aspirations 
for the larger place into which our beloved science is growing and is 
vet, I trust, still more fully to grow. 

When geology first came to be recognized as a science, it had the limi- 
tations inevitable in all young natural sciences, and in addition to 
these, it encountered opposition from those wedded to other doctrines 
of the mode of the earth’s origin and its past course. It was, therefore, 
both wise and fitting that it should keep close to its credentials, the 
accessible terranes on its surface. And so our science came to be limited 
by current definition to the mere shell of the earth. Though it. was con- 
tent enough to bear the full round name of the science of the earth, it 
ventured to claim to be merely the science of a thin film at its surface— 
and it was accorded no more than it claimed. 

But there certainly is a place for the science of the earth as a unit 
body, and Geology is the true etymological name for that science. This 
ampler science has its domestic aspects and its foreign relations. We 
are ready to confess that Geology is but the domestic chapter of As- 
tronomy, but by the same token Astronomy is but the Foreign Depart- 
ment of Geology. 
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The more immediate astronomical relations of the earth are but a 
part of The Greater Geology. The earth had a growth as a planet, feed- 
ing on food from without, but it also had a growth of its own as a mecha- 
nism on which no outside relations throw more than the dimmest light. 
To elucidate this is a part of The Greater Geology. 

There is a phase of this greater earth that is less material than the 
science of the crust, and this makes it more worthy of its inclusive 
name—Geology. It is dynamic rather than material. It is an organiza. 
tion of forces rather than substances. It is a combination of forces aet- 
ing outwardly, as a planet, and inwardly, as a living active organization, 
We are handicapped by the prior use of organism, in biology, for another 
type of living organization. But for this we would be glad to speak 
of the earth as a living organism. We are also handicapped by the use 
of the term spiritual for another type of non-material action, and we may 
not properly speak of the immaterial force of the earth as spiritual, 
But there is a close analogy, and even kinship, between the unseen forces 
of the earth and the unseen forces of the planet, the animal and man 





himself. 

The earth has its sphere of control, its own particular domain, streteh- 
ing out a million kilometers in shortest radius and a million and a half 
kilometers in its longest reach. Within this domain bodies that move 
as it does, bodies of its own dynamic habit, bodies congenial to it in their 
modes of action, pay first obedience to the earth and secondary obedience 
to the sun. The outer border of this domain is the outer border of The 
Gireater Earth considered as a dynamic unit. This great ovoid surface 
is the boundary of the earth as an active controlling organization. 
This is the true immaterial border of the dynamic earth. Outside lie 
the celestial heavens; inside lie the terrestrial heavens. 

This is not an idealism, or a mere abstract distinction; it is one of 
the great working realities of earth science. 

Let us put it to an illustrative test. Let us choose the time of an 
eclipse of the sun by the moon. The sun, moon and the earth are ina 
line. Let us now take the mass of the sun and the mass of the earth, 
respectively, and compute the forces of gravity which each exercises as an 
ideal stationary body. From these let us find the point on the line that 
joins the earth and sun and passes through the moon, at which their 
attractions aresequal. Jt would lie well this side the moon! And yet 
the earth controls the moon! And could control bodies like the moon 
more than twice as far away. The secret lies in the concurrent motions 
of the earth and moon. They are not stationary bodies, but active work- 
ing companions. The earth only exercises this type of controlling power 
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over bodies that move as it does. Bodies that move crossways or con- 
trary, it does not so control. It lets such bodies pass on and go on their 
way into the distant heavens. And so, in a sense, the earth chooses its 
permanent company. Here we verge on something closely akin to the 
selective discrimination that makes up so much of our own lives. 

But I must not weary you by traveling off so far from my opportunity 
to thank you for the confidence and good will. What I have wanted to 
do was to try to inspire this great society to lead our science into these 
newer and larger fields. I have wished to fill you with the thought of 
our earth as a great living unit endowed with powers and peculiarities 
of its own. Geology does not seem to me mere rocx-knowledge of the 
shell of the earth, excellent as that is as a part of the great whole. 
(eology is not a mere science of rocks, good and noble as that is in itself. 

The earth is small as heavenly bodies go, but it is not “an insignificant 
little planet” as our pseudo-modesty was once prone to call it. In many 
respects it is the strangest, most outstanding body in the known heavens. 
It is, to be sure, a modest little body. Its endowments are not of the 
spectacular order. Its preeminence lies in the medial position it has 
chosen or been chosen to occupy befween the extremely hot and the 
extremely cold, between the extremely large and the extremely small. 
Its whole career has been a selection of that which will work together 
and an avoidance of that which works at cross purposes. 

Looked at in these lines the history of the earth is full of the maxims 
of success. Thus we are led about as far as possible from the concept 
of the “earth earthy,” and are inspired by the things that have made for 
success in the contests that have run through ages whose lengths we 
could not realize if we knew them. 

Again I wish to express my most profound gratitude for the great 
honor you have conferred upon me, and to express my hope that this 
society will be foremost among those who shall lead our science into all 
the opening fields of The Greater Earth. 





SESSION OF SATURDAY MorRNING, DECEMBER 31 


On account of the large number of titles remaining, two sections 
had been arranged for the Saturday morning sessions, in order to finish 
the whole program before the noon hour. One of these sections con- 
tinued in the Physics Building, Case School, under the chairmanship 
of President Keith, and the other was.held in the Chemistry Building, 
Western Reserve University. 
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SECTIONAL MEETING IN CHEMISTRY BUILDING 
The meeting was called to order by Secretary Berkey, who presided. 
TITLES AND ABSTRACTS OF PAPERS 


CARBONIFEROUS HOMOGENY OF CONTINENTAL INTERIOR 
BY CHARLES KEYES 
(Abstract) 


If, with the accumulated wealth of pertinent data concerning our American 
Carboniferous rocks, we should now undertake to arrange anew the various 
recognized subdivisions in orderly manner and with reference to their genetic 
relationships, or as controlled by disastrophism, we would probably speedily 
reach a very different scheme of classification from that to which we have 
been so long accustomed. The standard of reference for the continent would 
at once shift from the border one which chanced to be met with first to the 
section of the interior region. 

With the Ozarks as a center the four dominant sedimental elements for 
homogenic analysis are recast. It is these larger stratigraphic aspects which 
are briefly reviewed in their homogenic relationships, as furnishing an ade- 
quate basis for a practical scheme of terranal taxonomy that is at once 
genetic in character, undisturbing locally, elastic, widely applicable, and 
historically satisfying, and in logical accordance with our modern conception 
of the sedimental expression of regional disastrophism. 


Read by title in the absence of the author. 


PRINCIPAL GEOLOGICAL FEATURES OF THE ARCTIC EURASIA 
BY I. P. TOLMACHOFF ! 
(Abstract) 


The. principal geological features of Arctic Eurasia were established in 
Lower Deyonian when the old continent, continuous or composed of a few 
separate parts, was broken inté qa number of horsts of different size, which 
might be differentiated now along the Arctic coast of the Old World. 

The most conspicuous parts of the old continent are the Scandinavian 
Peninsula in the west, the Chuckchi Peninsula in the east, and the Central 
Siberian Plateau between them. In addition, there might be differentiated 
four smaller parts. Between the Scandinavian Peninsula and Central Siberian 
Plateau are located the Timan Ridge and Ural Ridge, and between the same 
plateau and the Chuckchi Peninsula are found the Verkhoyansk Ridge and 
the Tas-Khaya-Khtach Ridge. All of these old landmasses have a similar 
geological structure, being composed of pre-Cambrian strata, different old 
eruptive rocks, gneisses and slates covered with Cambrian, Ordovician, and 


Silurian strata. 





1 Introduced by Charles Schuchert. 
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The old parts do not represent the highest points of the country, but they 
might be compared with a skeleton of the northern part of the Old World. 
The Central Siberian Plateau is the real backbone of the northern Asiatic 
continent. 

Since the Silurian, with the exception of the Pleistocene, a sea never covered 
the old horsts, but transgressions were going on within the depressions be- 
tween the horsts, which repeatedly were surrounded by seas connecting the 
Arctic Ocean with more southern waters. Within these depressions, or geo- 
synclines, in different places we find Paleozoic (up from the Devonian), 
Mesozoic, and Tertiary marine sediments. At different times they suffered 
strong diastrophism and often are found overthrusting the old horsts, which, 
in the case of smaller horsts, often overshadow the real nature of the latter 
ones. There is also in the character of the present shoreline indications of 
diastrophism of recent date. The Lower Devonian diastrophism which had 
produced dismembering of the old continent was accomplished in Mesozoic 
time, when new parts were separated from the horsts. 


GEOMORPHOLOGY OF THE ARCTIC SHORE OF EURASIA 
BY I. P. TOLMACHOFF ? 
(Abstract) 


Some Arctic rivers of Eurasia have typical deltas, but most of them enter 
the sea through an estuary, often of immense size. Usually an inner delta 
marks the head of the estuary, and some rivers construct also an exterior 
delta at the estuary entrance. Typical terraces or old beach lines frequently 
mark the shores. Sediments containing shells of Arctic mollusks have been 
discovered hundreds of feet above the sea. In many places the shores are 
bordered with offshore bars and large lagoons. Soundings often reveal the 
presence of overflowed channels. 

The causes which provoked all these phenomena might be imagined thus: 
The greatest and oldest Pleistocene emergence corresponded to the greatest 
development of the ice-sheet of the Glacial period. Gradual abstraction of 
water from the ocean, produced by accumulation of ice on the land, was alone 
sufficient to explain this emergence. Probably it was uniform along the 
whole shore of Eurasia. In Europe recent Arctic rivers did not exist at that 
time, as their basins were covered with ice. The only remnants indicating 
enormous processes of erosion and transportation here are the moraines. 

Owing to absence of the icesheet in Asia, great Siberian rivers were not 
only unhampered in their erosive activity, but much increased on account 
of a larger amount of water than now exists and of a gradual lowering of 
the baselevel of erosion. ‘ 

Bering Strait, as was the case with most of the straits between the North 
American islands, ceased to exist, and the Arctic Ocean was more of an 
inner sea than it is now.- 

The next submergence, probably, was dependent not only on the raising of 
the ocean, but also on the local sinking of the land itself. The ocean en- 
croached on land and covered larger areas in the western part of Eurasia 





‘Introduced by Charles Schuchert. 
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than in the eastern part, where the Arctic transgression was confined to 
valleys, and is not found at all on the shores of the Chuckchi Peninsula. 
The Arctic Ocean again became connected with the Pacific. 

A new emergence raised sediments of Arctic transgression hundreds of feet 
above sealevel in Europe, but only a few tens of feet in Asia. Present 
alterations of the Arctic shore go on differently in different points. Recent 
elevation of the shores of the Scandinavian Peninsula has not yet been 
reflected in physico-geographical features which here are still typical of 
a shore of submergence. The shores of the Chuckchi Peninsula also are, 
probably, in a state of emergence. The very little known shores of the Taimuir 
Peninsula, in many places, have the character of shores of submergence, but 
west and east of the Taimuir Peninsula, in Asia, as well as along the European 
shore, accumulation of silt is building up interior and exterior deltas, 
At the same time the sea is destroying the New Siberian islands and parts 
of the shore of the mainland east of the Lena embayment. On the shallow 
bottom of the sea here was found rock-ice which originates only on land and 
could not long be preserved in water. It indicates, therefore, a very recent 
submergence or an advance of the sea. 


Brief remarks concerning this and the preceding paper were made 
by Messrs. F, Kk. Morris, W. T. Thom, Jr., and Bailey Willis. 


MARTINSBURG FORMATION OF EASTERN PENNSYLVANIA? 
BY CHARLES H. BEHRE, JR.” 
(Abstract) 


Recent detailed studies in eastern Pennsylvania show that the Martinsburg 
formation in that section can be divided into three divisions, of which the 
lowest is clay-slate of upper Trenton age, the middle a hard sandstone now 
definitely known to be of early Cincinnatian age, and the upper a slate of 
probable Maysville age. The collecting of fossils during the season of 1927 
gives for the first time a positive correlation of the middle member. 

The lower member of the Martinsburg appears to thicken and grow coarser 
westward, as followed from the Delaware to the Schuylkill. The middle 
member also shows marked thickening and coarsening westward and facies 
are conglomeratic, a coarse limestone-conglomerate seven miles east of Ham- 
burg being noteworthy. Various sedimentary features prove the shallow- 
water, locally emergent character of this member of the Martinsburg. 

The uppermost division consists of alternate sandy, graphitic, and sericitic 
beds, the sequence being distinctly rhythmic. Individual beds can be corrte- 
lated by methods like those applied to coal seams, across the widths of three 
quadrangles; such beds clearly thicken westward. There is a westward con- 
vergence between the strike of the Martinsburg and the overlying Silurian 
conglomerate, and the Martinsburg is carried under the Silurian both by 
faulting and by a recognizable unconformity. Two miles above Harrisburg, 
on the west bank of the Susquehanna River, and again at Port Clinton, on the 

1 Published by permission of the State Geologist of Pennsylvania. 

2 Introduced by George H. Ashley. 
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Schuylkill, the middle member is present, the inference being that the upper 
member is lacking or greatly thinned at these localities. These facts suggest 
that the upper member of the Martinsburg definitely disappears from the 
Schuylkill westward and not be met with in Pennsylavnia, unless it be in 
the form of its apparent time-equivalent, the Oswego sandstone of the 
Mercersburg region. 


Read by title in the absence of the author. 


CHATTANOOGA SHALE IN EASTERN TENNESSEE AND VIRGINIA 
BY JOEL H. SCHWARTZ ' 
(Abstract) 


The Chattanooga shale in eastern Tennessee and southwestern Virginia is 
chiefly exposed in two disconnected areas: (A) along the Cumberland escarp- 
ment from Chattanooga, Tennessee, to Big Stone Gap, Virginia, and thence 
southeast, along Powell Mountain, etcetera, to Sneedville, Tennessee, and (B) 
along Clinch Mountain from near Knoxville, Tennessee, to Saltville, Virginia. 
The two areas, separated by about 15 miles of Cambro-Ordovician and Silurian 
sediments, have been thought by some geologists to represent separate basins. 

In the Cumberland escarpment area (A) the Chattanooga shale is divided 
into three parts: (1) an upper black shale, the Big Stone Gap member; (2) 
a middle gray shale, the Olinger member, and (3) a lower black shale, the 
Cumberland Gap member, the Olinger and Cumberland Gap members being 
in part of the same age. These are underlain in the north by (4) cream 
weathering shale with interbedded black shale, of Portage age, and (5) the 
Genesee black shale. P 

In the Clinch Mountain area (B) there are at least five members in the 
black shale series: (1) an upper, pure black shale of Mississippian age; (2) 
a gray, shaly sandstone series containing a fauna of Cuyahogan affinities; 
(3) a very sandy black shale of post-Chemung, probably Mississippian age; 
(4) gray to buff sandy shale and argillaceous sandstone of Chemung age; (5) 
a black shale, with some interbedded gray shales, of late Portage or early 
Chemung age. This is underlain by (6) cream weathering shale, with inter- 
bedded black shales, of Portage age, and (7) the Genesee black shale. 

The fauna of bed B-2 has been discovered at Sneedville, Tennessee, where 
beds B-1, 2, and 3 are clearly exposed and beds B-4, 5, and 6 less sharply 
detined. Since Sneedville is connected by a continuous series of outcrops 
with Big Stone Gap and Chattanooga, the Chattanooga shale is thus shown 
to be continuous with the Clinch Mountain black shales, whose ages have 
lween carefully determined. 

A rapid survey of the exposures between Sneedville and Big Stone Gap, 
while insufficient for exact correlation, suggests that beds A-1, 2, and 3 are 
equivalent, respectively, to beds B-1, 2, and 3. 


Brief remarks were made by Messrs. David B. Reger and Bailey 
Willis. 


‘Introduced by William F. Prouty. 
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OLDER PRECAMBRIAN OF THE MEDICINE BOW MOUNTAINS 
BY J. J. RUNNER* 


(Abstract) 


In a recent paper, entitled “Pre-Cambrian Geology of the Medicine Bow 
Mountains,” Blackwelder* has described a pre-Cambrian sedimentary series 
consisting of metaquartzites, metagraywackes, glacial tillites, marble, green- 
stone, and slate in contact on its upper side, presumably along a fault, with a 
supposed older gneissic complex. 

Studies by the author of an area along the east front of the Medicine Bow 
Range in the region of Morgan and Arlington, Wyoming, and lying northeast 
of the area described by Blackwelder, have revealed a coarse conglomerate 
containing boulders of several granites, including gray gneissic granite, and 
of schists at the base of the Deep Lake metaquartzite. The conglomerate 
overlies a series of highly altered metalimestones and schists, intruded by at 
least two granites, of which the older is a gray gneissic granite, and by other 
igneous rocks. No gray gneissic granite has been found intrusive into the 
Deep Lake metaquartzite nor any of the beds above. The conglomerate at 
the base of the Deep Lake metaquartzite is believed to lie unconformably 
upon the lower metalimestone-schist-gray gneissic granite series. 

In the area to the southeast of that mapped by Blackwelder and lying west, 
northwest, and north of Centennial, a series of highly altered metalimestones 
and schists similar to those occurring near Morgan and Arlington were found 
likewise to have been injected by granites of several ages, including an older 
gray gneissic granite, and by other igneous rocks. This metalimestone-schist- 
gneiss complex to the southeast, which is believed to be the same as that 
lying below the Deep Lake metaquartzite at Morgan and Arlington, is in con- 
tact with the upper beds of the French slate along what appears to be a 
strike fault. Breccia composed of schist fragments similar to the breccias 
common to the other faults in the pre-Cambrian of the region was observed 
at the contact. 

The author proposes the name Centennial Series for the metalimestone- 
schist series intruded by the older gray granites and lying stratigraphically 
below the Deep Lake metaquartzite, and the name Snowy Range Series for 
the formations described by Blackwelder from the conglomerate at the base 
of the Deep Lake metaquartzite upward and including the French slate. 


Read by title in the absence of the author. 


STRATIGRAPHIC RELATIONS OF THE CHERRY CREEK GROUP IN THE 
MADISON VALLEY, MONTANA 


BY J. J. RUNNER AND L. C. THOMAS ' 
(Abstract) 


In the Three Forks Folio of the United States Geological Survey, Peale 
has mapped and described the Cherry Creek group of the Algonkian. Ac 


‘Introduced by R. T. Chamberlin. 
* Bull. Geol. Soc. Am., vol, 37, pp. 615-658. 
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cording to Peale, the Cherry Creek beds consist of marble, mica schists, 
quartzite, and gneiss. A supposed older group composed largely of gneiss was 
regarded as of Archean age. 

The two areas of Cherry Creek on either side of the Madison River in the 
southern part of the Three Forks quadrangle and the adjacent and other areas 
of Archean rocks as mapped by Peale have been visited and studied by the 
authors. The beds comprising the Cherry Creek consist of several thousand 
feet of crystalline metalimestone, a great thickness of beds of argillaceous 
origin, some quartzite, and a considerable thickness of hornblendic and chlor- 
itie schists of doubtful origin. Some of the limestones have been changed 
to amphibole-garnet rocks, and the beds once argillaceous to mica-garnet- 
eyanite and staurolite schists. Some of the beds formerly regarded as 
quartzite are silicified limestone. The alterations are believed to have been 
due in a large measure to the effects of intrusive granites and silexite. Lit- 
par-lit injection and assimilation of sediment have taken place on a large 
scale, rendering a gneissic complex of absorbing interest. Banded amphibole- 
garnet rocks pass by insensible gradations, on the one hand, into granite and, 
on the other, into crystalline limestone. Dynamic metamerphism is regarded 
aus having been of minor importance. Cataclastic effects are at a minimum. 
Selective metamorphism is well displayed. Highly altered sediments lie 
interbedded with crystalline limestones, showing little or no chemical changes. 

The areas, mapped Archean by Peale, that were studied were clearly 
areas originally of sediments, highly altered and rendered gneissic by the 
intrusive granites. This includes the areas south of Indian Creek on the 
cast side of the Madison Valley and south of Wall Creek on the west side of the 
valley. Areas in the Madison Valley northeast of Ennis and in the Gallatin 
Valley mapped as Archean were also found to contain sediments that had 
been injected by granites and partially assimilated thereby. In the areas 
studied, then, the sediments are the oldest rocks and the injection gneisses 
the younger. If the rocks of the region are to be subdivided into an older 
Archean and a younger Cherry Creek group, the evidence is yet to be found 
for such a classification, The authors entertain no doubts that some other 
basis for subdivision may exist. 


Read by title in the absence of the authors. 


CRETACEOUS, TERTIARY, AND QUARTERNARY FORMATIONS OF EXTREME 
SOUTHERN ILLINOIS 


BY J. E. LAMAR’ 


(Abstract) 


The paper presents the stratigraphy of the Cretaceous, Tertiary, and 
(Quaternary formations of the extreme southern part of Illinos and correlates 
them on the basis of lithology, with similar formations in Kentucky. Out- 
standing among the general characteristics of the Illinois formations are the 
absence of calcareous materials and fossils, and the very highly siliceous char- 
acter of those sediments which are coarser than clays. Another noteworthy 





‘Introduced by M. M. Leighton. 
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phenomenon is the deformation of the sediments by settling and sliding, which 
apparently occurred principally during Pliocene time. 


Brief remarks were made by Messrs. W. T. Thom, Jr., and John L. 
Rich. 
TWO TEST CASES OF CONJUGATE JOINT SYSTEMS 
BY WALTER H. BUCHER 
(Abstract) 


Two intersecting systems of joints in a rock body may have formed either 
simultaneously as planes of shearing or one later and independently of the 
other as tension joints. There is still a widespread prejudice in favor of the 
latter alternative, in doubting opposition to the interpretations published by 
the writer in December, 1920, and January, 1921, in the Journal of Geology, 
The writer wishes to add to the examples given in that paper two illuminat- 
ing cases of conjugate joint systems which clearly are shearing planes. 

The first was observed by the writer in 1926 in thin beds of siliceous shales 
of the Monterey Group at the mouth of Gaviota Canyon in Santa Barbara 
County, California. Here two closely spaced sets of intersecting joints cover 
the upper surfaces of the beds, while the underside is traversed by a single 
set of joints so oriented as to bisect the acute angle of the joints above. In 
passing downward through the layer, the joints of the upper surface swerve 
abruptly into the position of the joints below. This proves that all these 
joints formed simultaneously, the upper as shearing planes, the lower as 
tension cracks. 

The material for the second illustration was taken from a paper by Otto 
Seitz on “die Tektonik der Luganer Alpen” (Heidelberg, 1917). This doctor's 
thesis contains extraordinarily detailed data on joints, including even the 
direction of striations on the joint faces observed. Dr. Seitz’s discussion of 
his data, based on a specially devised method of plotting, fails to lead to any 
understanding of the mechanism of jointing and of its relation to the larger 
tectonic features. 

As a test case, the present writer chose the observations on joints on the 
southwest side of Monte Bré. His interpretation of the data postulates a 
specific position in space for the axis of folding in this mountain and for the 
direction of the striations on the joint surfaces. The theoretical values 
obtained agree most satisfactorily with the actual conditions seen in the field, 
This, then, is another case in which the larger structural relations of a region 
can be inferred accurately from observations on joints only. The writer 
considers this sufticient evidence that his interpretation of the mechanics of 
these joints is correct. 


Brief remarks were made by Dr. George R. Mansfield. 


EXAMINATION OF DAM SITES IN THE TENNESSEE RIVER BASIN 
BY CHESTER K, WENTWORTH 
(Abstract) 


The United States Engineer Office at Chattanooga has been engaged for 
several years in a survey of the Tennessee River and its tributaries and in 
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preparing a comprehensive scheme of improvement to best serve the com- 
bined interests of power development, navigation, and flood control. In addi- 
tion attention has been concentrated on a study of the Cove Creek project, 
recognized by a specific congressional appropriation for that purpose. In the 
course of these studies a large number of dam sites have been tentatively 
selected for further study by engineers and geologists. 

Geologie work has been carried on since May, 1927, by a staff of three 
men. Some sixty sites have been examined and reports made on the rock 
structure and lithology and ground-water conditions. In addition a study 
has been made of the entire rim of the proposed reservoir basin of the Cove 
Creek project and geologists have been called on to examine several thousand 
feet of diamond drill cores, and to cooperate with engineers in making tests 
of water table elevations and fluctuations in drill holes and in making pres- 
sure tests of drill holes. e 

In general, reports of findings have been prepared and transmitted within 
a week after the completion of field studies. Modifications in location of 
sites suggested after examination of geologic conditions have in nearly all 
instances been adopted and cooperation between engineers and geologists has 
been cordial at all times. 





Read by title in the absence of the author. 


UNUSUAL AERIAL PHOTOGRAPHS FROM SOUTHWESTERN ARKANSAS . 
BY F. A. MELTON * 
(Abstract) 


Aerial photographs reveal the presence of an enormous number of circular 
light spots in southwest Arkansas and northeast Texas. These spots some- 
times cover half the land area. Field study shows them to be mounds. Their 
origin is probably due to gullying and sheet wash in very weak, sandy soil. 


JURASSIC-CRETACEOUS PENEPLANE IN ARKANSAS, OKLAHOMA. 
AND KANSAS 


BY F. A. MELTON* 
(Abstract) 


Profiles have been made in various directions in the mountains and plains 
of Arkansas, Oklahoma, and Kansas. Elevations from the uplands and from 
the base of the Comanchean system have been assembled on a map, and con- 
tours drawn. The map shows that the top of the Boston Plateau is probably 
the Cretaceous peneplane. 


‘Introduced by Charles N. Gould. 
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GEOLOGY FROM THE AIR 


BY F. A. MELTON 1 
(Abstract) 


A series of aerial pictures collected during the last two years show their 
great possibilities for illustrating geologic processes. The erosional and 
depositional work of the ocean and of lakes, as well as the work of running 
water and glaciers, lend themselves especially well to illustration by this 
means. 


These three papers by Doctor Melton were read by title in his absence, 


MVUDFLOW AS A GEOLOGIC AGENT IN SEMIARID MOUNTAINS 
BY ELIOT BL4CK WELDER 
(Abstract) 


In the Great Basin prevince of western United States, the fans along the 
fianks of the mountains have been formed partly by water floods and partly 
by mudflows. Both are caused by occasional severe rainstorms. The relative 
proportions of torrent gravel and mudflows vary from place to place. Fans 
of gentle gradient may be formed entirely by streams, but the steeper fans 
consist largely of mudflows. As one of the normal erosive agents in semiarid 
regions, the mudflow has not been duly appreciated. Usually their deposits 
have been ascribed to water floods. ; 

Although there are all intergradations between the landslide, the mud- 
flow and the water stream, it is desirable to discriminate the three. The 
typical mudflow contains only enough water to make a viscous paste, It 
behaves more like a lava-flow than like a river. It may congeal on a slope 
of several degrees inclination, and it leaves a steep outer front. Boulders 
are carried far out from the mountains not by a rolling process, but bodily 
supported on the gliding mass. A mudflow thus has some of the attributes 
of a glacier. 

In this paper several individual mudflows are described in detail, and the 
special characteristics of desert mudflows are indicated. An understanding of 
their action serves to explain some of the well known but puzzling features 
of desert fans, such as the obscurity of internal stratification and lack of 
assortment, as well as the presence of scattered boulders of very large size 
far out from the mountain base. 

The conditions that favor the generation of desert mudflows seem to be 
(1) earthy material containing more or less clay; (2) steep slopes; (3) 
intense rainstorms, and (4) deficiency of forest cover. The relative influence 
of these conditions varies considerably. The best combination of them seems 
to be supplied neither in the moist forested mountains, like those of western 
Oregon, nor in the extremely arid barren rocky mountains, such as those of 
southwest Arizona, but in the semiarid mountains that are partly cloaked 
with soil and covered with sparse vegetation. Nevada and Utah contain 
many ranges in which the optimum conditions prevail. 


Read by title. 


1 Introduced by Charles N. Gould. 














their 
and 
ning 
this 


nee, 


- the 
artly 
ative 
Fans 
fans 
iarid 
osits 


mud- 


. tt 
slope 
lders 
odily 
putes 


1 the 
ng of 
tures 
‘k of 
size 


‘oO be 

(3) 
lence 
eems 
stern 
se of 
vaked 
ntain 








TITLES AND ABSTRACTS OF PAPERS 207 


REVIEW OF MOUNTAIN-MAKING IN ASIA 
BY CHARLES P. BERKEY AND FREDERICK K. MORRIS 
(Abstract) 


Except in such stable continental blocks as Angara, Ordos, Tibet, Gond- 
wana, Where only pre-Paleozoic rocks are folded, the mountain-foldings of 
Asia appear geologically later as we go southward. They range in time 
from Cambrian and Silurian foldings in Siberia, through a first Hercynian 
folding in central Asia, to Jurassic folding in China, and Tertiary folding 
in the Tethys trough. 

Folds are open or isoclinal and somewhat overturned. Overthrusting is 
locally present, and large overthrusts are recognized in the Pamir and 
Himalaya; but, except in the latter region, great overthrusting, such as we 
see in the Alps, is absent; and even here the configuration of the ranges 
and stable blocks makes it very unlikely that detailed studies will reveal 
such monstrous overthrusts as are reported in the Alps. The resemblance 
between the Alps, pinched as in a vice between the African hinterland and 
the Hercynian foreland blocks, and the Himalayan trough, pinched between 
Tibetia and Gondwana, leads us to look for some Alpine overthrusting here. 
In the rest of Asia, including the island arcs, overthrusting is rare and 
local. Folds of all post-Cambrian times vary from the widely open to the 
isoclinal types, and from vertical to moderately overturned attitudes. 

North of the Pamir-Himalaya group and inland from the coast ranges 
and island ares, all Tertiary mountain-making has been of the nature of 
doming and faulting, with the sinking of warped basins and faulted grabens, 
which are generally broader than the ranges. 

For the Tertiary uplift and faulting, predominantly vertical movements 
must be supposed. A stretching of the crust is implied by the great num- 
ber of normal faults bounding the Tertiary horsts and grabens of central 
and northern Asia, while a belt of compression is clearly indicated in the 
Tertiary folds of the southern arcs. Even in the Tethys ranges upward 
movement along faults must be an important factor in the mountain-making. 
The conclusion is therefore that isostatic adjustments, resulting chiefly in 
upward movements, are responsible for most of the Tertiary mountains of 
Asia. Compression of the geosynclines to form folds has not produced 
a vast overthrusting and does not suggest a considerable migration of con- 
tinental blocks. . 


Read by title. 


ICE EVACUATION STAGES AT GLENS FALLS, NEW YORK 
BY GEORGE HALCOTT CHADWICK 


(Abstract) 


The pro-glacial and glacio-lacustrine deposits in the upper end of the 
Upper Hudson Valley, to south, west and north of Glens Falls, display an 
instructive series of stages in the withdrawal of the ice-sheet from this area. 
It is impossible to harmonize these phenomena with the conception of open 
waters at the so-called “summit level,” but only with rapid contemporaneous 
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uplift and lowering waterlevels in the presence of the ice-front, as is shown 
by well defined channels of forced drainage with correlated deltas, much 
below this “summit level.” Deposits formerly looked upon as anomalous fing 
a natural explanation under this modified view, though the succession of 
stages is somewhat intricate. 

The implications of this study are rather wide-reaching and involve the 
entire philosophy of glacier recession and lake succession in the Champlaiy 
and Saint Lawrence valleys. An attempt will be made to develop these 
consequences. 


Read by title. 
PLAINS TYPE OF FOLDING 
BY SIDNEY POWERS 
(Abstract) 


Gentle folds, mostly of small size, characterize the Plains type of folding, 
typical of the Mid-Continent region. Some of them form long lines of folding, 
others are irregularly scattered and do not lend themselves to any pattern. 
Their areal extent increases and the amount of structural closure decreases 
upward. Many of them show very gentle or even no reflection at the surface. 

Lines of folding on which there are subsidiary anticlines extend for dis. 
tances as great as 50 to 100 miles. Individual anticlines on them are from 
one mile to six miles long. Structural relief of these folds may be 50 feet 
at the surface and 300 feet in the Ordovician at a depth of 3,500 to 4,500 feet, 

Irregularly distributed folds are small, usually less than one mile in 
diameter. They are shown as gentle noses at the surface but have a strue- 
tural closure of 100 to 400 feet in the Ordovician. 

A structural plateau, the Seminole Uplift, revealed by drilling only, con- 
sists in the Ordovician of broad anticlines and synclines on which are super- 
posed innumerable small depressions, partly due to faulting, partly to later 
folding. 

The origin of the Plains type of folding is essentially recurrent folding 
at several perieds, the loci of movement being the same. Tangential com- 
pression was transferred through the basement crystalline rocks and trans 
mitted from them into the overlying sedimentary rocks. Isostasy will not 
account for the local folds or lines of folding because of their small size. The 
location of folds depends on lithology (buried topography) and lines of weak- 
ness, shearing and faulting (Nemaha Mountains, echelon faults, etcetera) in 
the basement rocks. 


Read by title. 





MIDDLE PERMIAN AGE OF THE LATE PALEOZOIC GLACIATION 
BY CHARLES SCHUCHERT 
(Abstract) 


Until a few years ago, most European and American stratigraphers ‘bell 
that the glaciation of late Paleozoic time fell in the early Permian; at lea* 
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one paleobotanist and one paleozoologist were convinced that this cold time 
in the Southern Hemisphere came in about the Middle Permian; and the 
minority held that it was of the late Pennsylvanian, Then appeared a series 
of contributions by David and Siissmilch (Australia) Du Toit (South Africa), 
Seward and Brooks (England), and finally Coleman (Canada), holding that 
the glaciation was of late Coal Measures time. Believing that this conclusion 
rests in part on wrong identifications in Australia and on unproved assump- 
tions in South Africa, the present guthor made a detailed study of the 
Permian biotas along with their sequence in Russia and Germany, India and 
Sicily, Australia, South Africa, and the two Americas, comparing the various 
marine and land organic assemblages one with another, to see if a consistent 
correlation could be carried throughout these countries. On the basis of the 
ammonites especially, but with support from the brachiopods, it was found 
that such a definite correlation can be maintained, and it finds further support 
in the Glossopteris floras, and in the land reptiles. Checked into one another 
in this way, the life evidences the world over indicate that the tillites of 
India, Africa, Australia, and South America are all of about one age, which 
is Middle Permian, and that this glaciation foliowed on the maximum of 
mountain-making. 


Read by title. 
SECTIONAL MEETING IN PHYSICS BUILDING 
The sectional meeting was held in the Physics Building, with Presi- 
dent Keith in the chair. 
TITLES AND ABSTRACTS OF PAPERS 
NEW SALT DOMES IN ALSACE-LORRAINE 
BY PAUL WEAVER * 
(Abstract) 


Recent wells drilled on locations based on geophysical surveys have found 
two salt domes in a salt basin of limited extent where the salt is generally 
under relatively slight cover, suggesting that domes can be formed in much 
shallower basins than had been hitherto considered. 


POST-MESOZOIC HISTORY OF NORTH CHINA 
BY GEORGE B, BARBOUR? 
(Abstract) 


An attempt is made to reconstruct the record of events by combining data 
involving the character of the deposits, inferred climatic conditions, faunal 
associations, diastrophic movements, and physiographic stages. 

Erosion following Mesozoic disturbances reduced the land surface to a 
peneplane; early Tertiary deposits are limited to warp-basins on that sur- 





1Introduced by Sidney Powers. 
* Introduced by Charles P. Berkey. 


XIV—BvuLL. Geot. Soc. AM., Vou. 39, 1927 
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face. At no subsequent time did marine waters much overlap their present 
confines in north China. 

Middle Tertiary diastrophism and vulcanicity again broke up the surface 
and erosion took fresh hold. This T’anghsien stage, first recognized by 
Willis, yielded broad open valleys with residual clays and local gravels; the 
Hipparion (Pontian) fauna and other Pliocene vertebrates point to mod- 
erate steppe conditions. 

Toward the close of the Pliocene, slight movement led to ponding of the 
graded rivers in the mountain regions. In the Sangkanho basin Barbour, 
Licent, and Teilhard recently found a rich mammal fauna showing affinities 
with both Pliocene and Pleistocene types. The find is of special importance 
in view of Zdansky’s discovery of two human (?) teeth in the Ch’ou-k’ou-tien 
cave near Peking, associated with vertebrate species, several of which ap- 
pear to be identical with the Sangkanho types. 

‘ollowing this Sanmen fluvio-lacustrine stage, renewed downcutting by 
rivers drained the basins. A closely parallel succession of stages is known 
to have occurred in central and south China, though the absence of faunal 
criteria in the latter regions prevents strict correlation. 

In Middle Pleistocene times uplift of the Mongolian plain, which had 
been deeply attacked by weathering throughout the Pliocene period, exposed 
its surface to high winds that swept the finer decay products over the 
border into China, depositing them as a blanket of loess as far south as 
the Yangtze. The onset of these cold, dry conditions along the Mongolian 
border marked a distinct contrast, though the change set in gradually and 
with varying vigor in different areas. Locally basal gravels suggest transi- 
tional conditions of moisture, and it is to this horizon that the Ordos Paleo- 
lithic (Moustierian) culture belongs. A characteristic fossil of the loess 
is the ostrich-egg Struthiolithus. 

During the fluctuating stage of return to moister conditions, wind and 
streams vied as agents of scour and deposit. The Azilian culture of the 
dune-dwellers of Shabarakh, found by the Central Asiatic Expedition, pre- 
sumably falls within this stage. The traces of the various Chinese Neolithic 
cultural phases invariably overlie the torrential deposits of this Panchiao 
stage which marked the transition to the climatic conditions of today. 

The present stage of erosion has been stimulated by slight upwarp of 
the mountain hinterland. The dominant movement of the coastline of the 
Yellow Sea appears still to be in the nature of geosynclinal sinking. 
























TRIASSIC DEPOSITS OF DURHAM BASIN, NORTH CAROLINA, AND STRUCTURAL 
RELATIONS TO OTHER TRIASSIC BASINS OF EASTERN NORTH AMERICA 







BY WILLIAM F. PROUTY 


(Abstract) 







The Durham Basin represents the northern portion of the Deep River 
Triassic area of North Carolina. 

Red shales and argillaceous sandstones with interbedded arkosic sand 
stones and conglomerates frequently cross-bedded and carrying many wind 
faceted pebbles, prove the sediments to be largely of arid climate and terres 
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trial character. Torrential conditions prove bordcring highlands, while small 
areas of thin-bedded carbonaceous clays with color and texture banding show 
local lake basins and seasonal changes. Color mottling and false bedding are 
largely explained by differential staining and leaching. Correlation of divi- 
sions with those of the Cumnock Basin is made possible by the occurrence of 
fossiliferous shales. The thickness of the Triassic is estimated as approxi- 
mately 10,000 feet. 

Basic dikes are common along the eastern and western borders, while basic 
sills are more frequent near the center of the area. Igneous injection took 
place toward the end or after the close of Triassic sedimentation. The basic 
igneous rocks have a much coarser texture than the corresponding deposits in 
the Connecticut Valley Triassic. 

The Durham Basin is a monoclinal structure with general southeast dip 
and southeast boundary fault. A considerable part of the displacement along 
this fault is shown to have occurred during late stages and at the close of 
Triassic sedimentation. 

The author believes with others that the Triassic basins of eastern North 
America are structurally related, and further that this structure is a col- 
lapsed anticlinarial arch. It is still further held that the numerous basins 
now known are substantial remnants of secondary synelinal basins and fault- 
block depressions of varying depth and size existing at the time of Triassic 
sedimentation, and that the filling materials came from the respectively 
adjacent highlands. 


Brief remarks were made by Messrs. George W. Stose and Frank 
Leverett, with reply by the author. 


VIAGARAN CORAL REEFS OF INDIANA AND ADJACENT STATES AND THUIR 
STRATIGRAPHIC RELATIONSHIPS 


BY EDGAR R. CUMINGS AND ROBERT -. SHROCK 
(Abstract) 


The authors have demonstrated in an earlier paper that the well known 
domelike structures in the Niagaran rocks of northern Indiana are coral 
reefs. The name coral reef is here used in a general sense, since the chief 
reef builders in Indiana were not corals, but Stromatoporoids. In the former 
paper the three formations in which most of the reefs occur were named and 
described. In the present paper two higher formations, the lower of which 
correlates with the Racine of Wisconsin, and the Springfield-Cedarville of 
Ohio, are described, and their relationships to the reefs shown. Sixty reefs 
are known in Indiana. Several of the most typical and significant will be 
described in detail. A brief survey of the reefs of adjacent States—Wis- 
consin, Iowa, Illinois, Ohio—will be given, and the paleogeographic relation- 
ships of the Great Barrier Reef of the Silurian will be discussed. The 
characteristics of the reef-core, reef-flank, and inter-reef faunas will be indi- 
cated, including mention of a remarkable Graptolite fauna in the Mississinewa 
shale—the first Niagaran Graptolite fauna ever found in the Mississippi 
Valley region. 
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Presented in abstract extemporaneously by the senior author. 
Brief remarks were made by Messrs. J. J. Galloway, Marcus I. Golg. 
man, R. T. Chamberlin, W. H. Twenhofel, Arthur Keith, and Dayjg 


White, with reply by Professor Cumings. 


SIGNIFICANCE OF IGNEOUS PEBBLES AND BOULDERS IN AN UPPER PENNgyy, 
VANIAN LIMESTONE IN ILLINOIS 


BY T. E. SAVAGE AND JUDSON R. GRIFFIN 
(Abstract) 


Many pebbles and small boulders have been found in a limestone near the 
top of the McLeansboro formation in La Salle County, Illinois. These pebbles 
were of quartz, greenstone, granite, and quartzite, They range in size from 
one-half inch to six inches in diameter. Several of the pebbles have one or 
more flattened sides, but they do not show well developed parallel striations, 
such as are characteristic of glaciated rock surfaces. No fragments of sedj- 
mentary rock were found in this limestone. The igneous pebbles occurred 
through a thickness of six or eight feet of the limestone, and at localities fiye 
miles apart, which would indicate an exceedingly large quantity of such 
material had been deposited in this limestone. 

The nearest possible source for the pebbles was the area of igneous rocks 
in northern Wisconsin, more than 200 miles north of the Illinois localities ip 
which they were found. 

The possible ways in which these igneous pebbles might have been trans- 
ported and deposited in the clear waters of the sea in which quite pure shell 
limestone was accumulating are discussed. Only two means of transport 
appear probable: 1. They might have been carried in the roots of trees that 
were floated down a flooded river that discharged into this part of the basin; 
and 2, they might have been carried down and floated out into the basin 
in ice masses, probably river ice, and as the ice melted dropped among the 
marine shells accumulating on the sea bottom. Evidences are presented which 
make the latter means of transportation and deposition seem the more prob- 
able. If this interpretation is correct, it would indicate colder climatal con- 
ditions than have commonly been assumed during at least a part of late 
lennsylvanian time in the Central Interior of North America. 


Read by title in the absence of the authors. 


ITRASBURG CONGLOMERATE 
BY CHARLES HENRY RICHARDSON 


(Abstract) 


The Irasburg conglomerate was discovered in Irasburg, Orleans County, 
Vermont, in 1904. The discovery site is in Lords Creek just south of the 
village of Irasburg. An excellent exposure is located in an open pasture 
about a fourth of a mile south of Irasburg and in close proximity to a large 


pre-Ordocivian boulder weighing nearly 100 tons. This conglomerate has 
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peen followed northward into Canada and southward for more than 100 
miles. It can be divided into 5 more or less distinct phases as follows: 1. The 
Irasburg phase. 2. The Albany phase. 3. The Northfield phase. 4. The 
Coventry phase. 5. The Magog, Quebec, phase. 

In all phases the matrix is Ordovician and the pebbles and boulders are all 
pre-Ordovician. The -clastic pebbles and boulders consist of sericite schists, 
sericitie quartzites, sericitic marble, and chlorite schists. .The pebbles and 
poulders of igneous origin consist of vein and dike quartz, aplites, granites, 
porphy ritic andesites, diorites, diabases, and serpentine which was probably 
derived from peridotite. 

The Irasburg phase is characterized by boulders more than 2 feet in diam- 
eter, by porphyritic andesites, and by granites embedded in a paste of lime- 
stone. The Albany phase is characterized by boulders of sericitis marble of 
Cambrian age, by porphyritic endesites, by diabases, and by large, well rounded 
poulders of pure quartz embedded in a paste of limestone. The Northfield 
phase is characterized by pebbles of devitrified rhyolites embedded in a paste 
of slate. The Coventry phase is characterized by well rounded, smoothed, 
faceted, and sometimes striated boulders of pure quartz, and by fragments of 
Cambrian schists more than a foot in length set at right angles to each other 
embedded in a paste of limestone. This phase represents a fault-breccia con- 
glomerate. The Magog, Quebec, phase lies at the base of the Memphremagog 
slates and in this respect conforms to the Northfield phase. 

The clastic pebbles and boulders*could have been derived from the Cambrian 
sediments that flank the Ordovician terranes on the west. The pebbles and 
boulders of igneous origin may in part have been derived from the intrusives 
in reasonably close proximity on the west, but in part they appear to have 
been introduced by glacial action from Quebec. Igneous rocks of kindred 
composition are known to exist in Megantic County, Quebec. 

That this conglomerate lies near the base of the Ordovician is proved by 
the fossil content of its matrix (Graptolites). That the terranes to the west 
of the conglomerate are Cambrian is proved by the Sherburne conglomerate 
which lies at the base of the Cambrian, and is flanked on the west by. Algon- 
kian gneiss. If these terranes are not Cambrian, then they must be Algonkian, 
and the axis of the Green Mountains must be Archean. 


Brief remarks were made by Dr. Arthur Keith. 


NEW STRATIGRAPHIC FORMATIONS IN MONGOLIA 


BY CHARLES P. BERKEY, WALTER GRANGER, AND FREDERICK K. MORRIS 


(Abstract) ; 

During the season of 1925 the Central Asiatic Expedition of the American 
Museum of Natural History added a number of new formations. to the 
stratigraphic column in Mongolia. Among the folded rocks of the oldrock 
floor, late Paleozoic marine beds were recognized at a number of new local- 
ities. In at least one place, Paleozoic formations are undercut by bathy- 
lithic granite. Among the later sediments that unconformably overlie the 
oldrock floor, new formations were recognized as follows: Five new Cretace- 
ous formations, two of them over 1,000 feet thick; two Eocene, three Oligo- 
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cene, and two Pleistocene formations. The Eocene and Oligocene beds ¢. 
pecially have yielded fossils new to science. 


























| 
Period New Formation Thickness Chief sediment 
poe Bee C = 
Pleistocene Tsagan Nuru 40+ | White sands 
Khunuk 130 Buff sands, clays 
Oligocene Baron S | 30+ | White and gray sands, clays 
Ulan Gochu | 2-60 | Red clays 
Jirilgo ? | 40-60 | Red and brown clays 
Eocene Ulan Shireh ? | 300+ | Red and gray clays, esas 
Kholobolchi 500 + | White and yellow sands, clays 
| | -— on 
Lower 
Cretaceous! Dohoin Usu 300 + Red clays, sands 
Baiying Bologai 300+ | Red clays, sands 
Dubshih 1000+ | Rubbles, sands 
Ochungchelo 2000+ | Conglomerates, sands, clays 
Jasu Jergulung 100 | Black paper-shales 





Note: Jirilgo may prove to be a westward extension of the Hsanda Gol. Ulan 
Shireh is probably the northward extension of the Shara Murun. Should 
these two correlations prove correct, the new names may be dropped. 


Read by title. 


LATE QUATERNARY CHANGES OF LEVEL IN WESTERN SWEDEN 
BY ERNST ANTEVS 
(Abstract) 


The late Quaternary changes of level in western Sweden and adjacent 
Norway, known especially by the works of W, C. Bréigger, Gerard De Geer, 
Henrik Munthe, and Ragnar Sandegren, have been studied in connection 
with researches on the immigration of the marine molluscan fauna and related 
problems. They vary considerably from point to point on the radius towards 
the center of uplift on the Gulf of Bothnia. Here those at Lysekil, 70 kilo- 
meters north-northwest of Giteborg, will be touched on. 

Lysekil was uncovered from the last ice-sheet probably some 13,000 years 
ago. The sealevel may have then stood about 25 meters lower than today. 
It may later have risen without interruption until it reached the present 
stand, or, eventually, a higher stand. Regressions of the shoreline are there- 
fore due to a more rapid rise of the land than of the sea; and transgressions, 
to subsidences of the earth’s crust. 

The marine limit at Lysekil lies at some 130 meters, so that the land at its 
registration may have stood about 155 meters lower than at present. The 
first event was regression; and just before the end of the Gothi-glacial age, 
or about 10,000 years ago, the shoreline had probably withdrawn to about 30 
meters above its modern stand. During the following fini-glacial age, or 
about 9,000 years ago, the shore seems to have transgressed to about the 7- 
meter level, It then receded again, probably to the level of 10 meters.. So it 
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seems to have transgressed, reaching the level of about 50 meters during the 
Ancylus age, or about 8,000 years before our time. Again the shore withdrew 
in order to approach the level of 10 meters on the transition between the 
Ancylus age and the Tapes-Littorina age, some 7,500 years ago. Subsequently 
it was removed to the 35-meter level—the Tapes-Littorina transgression. 
Finally the shore slowly receded, as the land rose to its modern stand. 

As the climax of the Tapes transgression was reached 6,000 or more years 
ago, or somewhat before the ocean had risen to its present level, it can not 
have been caused by rise of sealevel above its normal stand, as some writers 
have assumed. It is possible, however, that a few thousand years ago still 
another transgression largely or entirely due to higher stand of the ocean 
took place. 


Read by title in the absence of the author. 


LAKE ILLINOIS AND THE QUESTION OF POST-EARLY WISCONSIN DEFORMA- 
TION IN NORTHERN ILLINOIS 


BY MORRIS M. LEIGHTON 
(Abstract) 


This paper will present the various lines of evidence for the existence of 
Lake Illinois in the valley and tributaries of Illinois River from Peoria to a 
point upstream at least as far as Joliet, in early Wisconsin time. The lake 
began with the recession of the Bloomington ice after the building of the 
Bloomington moraine and valley-train at Peoria, and persisted until the wan- 
ing stage of the Marseilles ice-sheet. The problem of its duration will be 
presented, together with certain data bearing on the question of post-early 
Wisconsin deformation in northern Illinois. 


Read by title in the absence 6f the author. 


EXPOSURE SHOW/NG LATE SANGAMON LOESS AND EARLY PEORIAN LOESS, 
WITH THEIR SOIL ZONES 


BY MORRIS M. LEIGHTON 


(Abstract) 


This paper will describe a most interesting glacial section which was found 
this fall in Bureau County, Illinois, about seven miles due north of Bureau, 
in the west valley wall of East Bureau Creek, showing late Sangamon loess 
and early Peorian loess both with soil zones lying above Sangamon gumbotil, 
formed by weathering from Illinoian till, and below early Wisconsin drift. 
So far as the writer is aware this is the only known exposure showing a well- 
developed soil at the top of the early Peorian loess. The soil was preserved 
here by the advance outwash of the early Wisconsin ice-sheet. Previously 
cited evidences of an interval between the deposition of the early Peorian 
loess and the Wisconsin epoch of glaciation are definitely confirmed, 


Read by title in the absence of the author. 
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ADIRONDACK ESKERS 
BY GEORGE HALCOTT CHADWICK 
(Abstract) 


Although very clearly portrayed on many of the topographic maps of 
northern New York, the eskers in the Adirondack area appear to have escaped 
the attention of geologists until Alling and the writer entered the region some 
10 years ago. The splendid example along the International Highway, between 
Lake George and Chestertown, was specially noted by us, and later Alling 
described an equally fine esker at Paul Smiths; otherwise only some insignifi- 
cant examples have gone into print. 

Explorations of this season indicate that these are only parts of a great 
esker system, perhaps unsurpassed in the world, which will need the eo 
operation of many field-workers before it can be fully understood, <A tentative 
map is offered to attract others to this attack. 


Read by title in the absence of the author. 


GLACIAL STRIY® TOPPING THE CATSKILL MOUNTAINS, NEW YORK 
BY GEORGE HALCOTT CHADWICK 


(Abstract) 


Since doubt has been expressed (N. Y. State Museum Bulletin 261, p. 72) 
as to whether the Wisconsin ice-sheet submerged the Adirondack culms, it is 
of special moment to record corroboration of the evidence that the Catskills 
were ice-buried. A recent visit to Slide Mountain, the highest peak of the 
Catskills and well on the south side of the group, provided the writer with 
excellently glaciated specimens of the peculiar summit conglomerate of this 
mountain; these came from the extreme apex (4,205 feet A. T.) where the 
ledge had been freshly exposed for the foundations of the new observation 
tower. This peak was, therefore, well covered with the ice, and the gradient 
from here to the terminal moraine must have exceeded 40 feet to the mile. A 
gradient thence northward of less than 8 feet would suffice to bury Marey 
and MelIntyre. 


Read by title in the absence of the author. 


PLEISTOCENE TERRACES OF THE LOWER CONNECTICUT VALLEY 
BY RICHARD FOSTER FLINT * 
(Abstract) 


The extensive series of steplike terraces of sand and gravel which flank the 
greater Connecticut Valley in Connecticut and Massachusetts have been inter- 
mittently studied since the time of Dana. The first detailed investigation of 
the Connecticut section of the valley, recently completed, reveals a number 
of facts significant of the origin of the terraces. The lowest terraces are broad, 


1 Introduced by Adolph Knopf. 
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occupy an aXial position, and are trenched by the Connecticut River. The 
higher terraces are increasingly narrow and decreasingly continuous in a 
jongitudinal direction, occupying only the tributary valleys. All of the ter- 
races are essentially horizontal. Most are paired; that is, the succession of 
elevations of terrace tops on one side of the valley is exactly or nearly dupli- 
cated on the opposite side. Certain of the pairs converge and join in the 
area south of the Holyoke Range. Where the terrace escarpments have not 
peen affected by later erosion, they commonly bear evidence of deposition 
against a mass of ice. Remnants of the higher terraces are conspicuously 
absent in the axial portion of the valley. Many of the terraces end either 
laterally or southward against cols in the bedrock, the elevations of which 
are definitely related to the elevations of the terrace tops. 

These facts show that during the waning stage of the last glaciation, the 
Connecticut Valley lobe of glacier ice did not retreat uniformly as previously 
believed. Instead it segmented along the transverse line of the Holyoke Range, 
so that a great block of ice extending from Mount Holyoke south to Middle- 
town stood separated from the main glacier mass, and slowly melted inward 
from all sides, until finally it disappeared. While it lasted progressive melting 
gave rise to a series of marginal lakes of successively decreasing level, in each 
of which the waning ice formed one shore, while the adjacent valley wall 
formed the other. The deposits in these lakes, drained of water and freed 
from their retaining walls of ice, remain as conspicuous terraces. 

The terraces show, moreover, that each represents a definite stand of a water 
surface, rather than that any group of three, as previously held, represent 
respectively shore deposits, intermediate deposits, and lake-bottom deposits 
in a water body of constant level. 

The character and arrangement of the terraces further indicate that they 
are solely the product of glacier disintegration coupled with the local presence 
of rock cols and debris dams. Thus not only is no later change of level 
necessary to their adequate explanation, but the possibility of differential tilt 
during or after the formation of the continuous terraces, at least in the 
Connecticut portion of the valley, is out of the question. 


Brief remarks were made by Messrs. Chester A. Reeds, T. C. Brown, 
H. B. Kummel, R. W. Sayles, and Charles W. Brown, with reply by the 
author. 


VARVED GLACIAL CLAYS AT HAVERSTRAW, NEW YORK 
BY CHESTER A. REEDS 
(Abstract) 


Extensive deposits of glacial clay are exposed along the west bank of the 
Hudson River from one mile south of Haverstraw to Stony Point, three miles 
to the north of Haverstraw. During the summer of 1925 the writer sec- 
tioned the banks of five clay pits in this area. The seasonal layers were 
correlated in two deep pits near the river front at Jones Point; also in two 
eastwardly facing pits in the 60-foot terrace escarpment of West Haver- 
straw, but no correlation for the entire district was established. 
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In 1927 additional field-work was done with boring and core-sampling tools, 
which enabled the writer to tie in the sections along the river front with 
those of the 60-foot escarpment half a mile distant from the river and one 
mile to the northward. Although sufficient new material was obtained to 
correlate the varves exposed in the various pits, thick layers of quicksand, 
saturated with ground-waters, prevented the securing of the bottommost 
layers with the core sectioning tools. A curve showing the sequence and 
thickness of the known varves has been prepared from 258 samples of the 
clay collected from various levels extending from 78 feet below to 50 feet 
above sealevel. A total of 766 varves, representing as many years, has been 


secured. 
Brief remarks were made by Prof. F. K. Morris, with reply by the 
author. 
STRIATED COBBLES IN SOUTHERN STATES 
BY CHESTER K, WENTWORTH 
(Abstract) 


Striated and faceted cobbles similar to those found in glacial drift have 
been known for many years to occur in the Columbia terrace deposits of Mary- 
land and the District of Columbia. They had been interpreted as having 
been deposited from stranded ice-blocks and derived from glaciated territory to 
the north. The presence of these cobbles in terraces along the Potomac River 
from Washington westward to a point beyond Cumberland and over 700 feet 
above present sealevel was- reported by the writer in 1922 and renders the 
above hypothesis untenable. In 1926 the striated cobbles were found at many 
places on the Coastal Plain of Virginia adjacent to the Potomac and James 
rivers and extending to the North Carolina State line. 

During the past season cobbles in every way identical with those of the 
Atlantic Columbia terraces and occurring in similar poorly sorted terrace 
gravels have been found at a score or more of localities in the Tennessee 
River basin. Their range is from Paducah along the whole length of the 
Tennessee and includes localities on French Broad, Holston, Nolichucky, Big 
Pigeon rivers. Thus the area of their occurrence is extended to include the 
States of Tennessee, North Carolina, Alabama, Mississippi, and Kentucky. 
To date, though considerable parts of the lower courses of the Powell and 
Clinch rivers have been visited, none of the cobbles or this type of gravel 
has been found, and it is thought that the processes responsible for them may 
not have operated on the northwest side of the Tennessee basin. 

The entire extent of these cobbles and their true significance is yet to be 
worked out, but the tentative conclusion is reached that they are not the 
result of true glaciation, but are more probably the product of a somewhat 
more intense and potent action of river ice during one or more of the Pleis- 
tocene glacial stages. 

DISCUSSION 


Prof. CHARLES W. Brown: During the mid-Wisconsin, when the continen- 
tal ice-sheet attained its greatest southern extent on Staten Island at sea- 
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level, the Alleghenies reached an altitude, in latitude about 35 degrees north, 
of sume 6,000 feet. Such a height would be above the permanent snowline 
and would afford undoubtedly sufficient area for ice-fields to form which 
might produce local glaciers and produce physiographic forms and glacial 
pebbles. 

It would appear that a promising line of research might be a study of 
the physiographic evidence in the Southern Appalachians pointing to local 
vlaciation there. 

At that elevation, in the same latitude in southern California, traces of 
local glaciation are found. 


Brief remarks were also made by Messrs. George H. Ashley, W. H. 
Twenhofel, R. W. Sayles, E. M. Burwash, Frank Leverett, and W. H. 
Hobbs, with reply by the author. 


PRE-WISCONSIN TERRACES OF THE DRIFTLESS AREA OF WISCONSIN 
BY F, T. THWAITES 
(Abstract) 


The pre-Wisconsin or older terraces of the driftless area of Wisconsin are 
much weathered and eroded glacial outwash and non-glacial stream deposits 
which occur mainly on rock benches up to nearly 200 feet above the present 
streams. All these deposits are very much older than the terraces of the Wis- 
consin glaciation. It appears to be possible to divide the older terraces into at 
least two groups, whose formation was separated by a long period of erosion. 
The old stream deposits are of the same origin as the younger or Wisconsin 
terrace deposits. Correlation of the pre-Wisconsin terraces with particular 
glacial stages is not possible at present. The striking similarity between 
these terraces and the old terraces of the upper Ohio basin is noted. 


Brief remarks were made by Prof. A. C. Lane, with reply by the 
author. 


EARLIER GLACIATIONS OF NORTHERN MANITOBA 
BY E, M. BURWASH 


(Abstract) 


1, Object to discuss: 
(a) Character of evidence, 
(b) Inferences from evidence. 
2. Previous work of a similar kind: 
(a) Tyrrell’s paper (1913) in the Patrician Glacier. 
(b) Work by present author in southeastern Manitoba (1921). 
3. Recent observations by the author in northern Manitoba. 
4. Types and value of evidence: 
(a) Tyrrell’s paper. 
(b) Burwash: (1) Faceted rocks, and (2) striw# of the Winnipeg 
River channel, 
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5. General conclusions: 
(a) Southern glacial center. 
i. Labradorean 
(b) Northern older glacial centers 
ii. Kewatin 


CONDITIONS AT ROCK SHELTERS AND CAVE OPENINGS IN GLACIAL TIMéEg 
BY THOMAS C. BROWN 
(Abstract) 


Recent excavations indicate that rock shelters in Europe were inhabited 
during the fourth glacial stage of the Pleistocene. These often faced the 
north and many of them were close to the ice-fields of the Alps or Scandinavia. 

Observations on an ice structure that formed on a small-scale rock shelter 
suggest that these rock shelters were not open to the weather when they 
were inhabited, but were transformed into caves by the formation of an ice- 
wall in front of the cliff. 


Brief remarks were made by Prof. F. K. Morris. 


GEOLOGICAL RESULTS OF THE PUTNAM BAFFIN ISLAND EXPEDITION 
BY L. M. GOULD* 
(Abstract) 


An expedition totalling 28 persons under the direction of George Palmer 
Putnam left New York June 12, returning October 12. The itinerary included 
several stops along northeastern Labrador, the southern and parts of the 
western shores of Baftin Island and Mill Island. Mill Island hitherto unvisited 
by white men is remarkable for the perfection of a fracture-fault system that 
gives the island character and for its excellently preserved series of terraces. 
A portion of the western shores of Baffin was explored and 200 miles of coast 
never before visited were mapped. Fossils collected on this western shore are 
of Ordovician age with the Richmond, the Trenton and perhaps the Black 
River horizons represented. 


GLACIAL HISTORY OF SOUTHWESTERN GREENLAND 
BY WILLIAM HERBERT HOBBS 
(Abstract) 


Evidence is found within the Holstensborg district of southwestern Green- 
land that the inland ice which now covers all but a relatively narrow coastal 
ribbon of the continent at one time submerged it completely. The ice-front 
then retired but readvanced part way to the present coastal line. This later 
readvance of the ice has produced a hinterland which has a much lower 
altitude than the coast district which incloses it. The topographic develop- 


1 Introduced by William H. Hobbs. 
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ments of the coastal zone of one glaciation and that of the hinterland of 
two glaciations are in marked contrast with a sharp line of delimitation to 
separate them. 


RECENT ADDITIONS TO THE PLEISTOCENE HISTORY OF WESTERN 
CALIFORNIA 


BY RALPH W. CHANEY 


(Abstract) 


The asphalt deposits at Carpinteria have within the past few months 
yielded the most representative Pleistocene flora known in western America. 
With an abundance of well preserved materia}, it is possible to reconstruct a 
forest to correspond with that sow found at Monterey Bay, 200 miles to the 
north. The discovery on Santa Cruz. Island, 24 miles south of the mainland 
opposite Carpinteria, of another Pleistocene flora is of especial interest, sfhce 
this not only contains elements of the Carpinteria flora, but also includes as 
a dominant the Douglas fir, a tree whose present center of distribution on the 
Pacific Coast lies some 700 miles to the north. A third fossil flora recently 
found a few miles south of San Francisco, contains abundant remains of 
Douglas fir, as well as elements of the Carpinteria flora. The combined 
evidence of these floras, all of which are of essentially the same age and 
flural composition, points to the former extension southward down the Pacific 
Coast of a forest now restricted to central and northern California. It may 
be supposed that the comparatively cool and moist climate in which this 
forest now lives extended as far south as Santa Cruz Island and Carpinteria 
during the Pleistocene. 


Read by title in the absence of the author. 


TIME OF THE LAST GLACIATION IN CENTRAL ASIA 
BY CHARLES P. BERKEY AND FREDERICK K. MORRIS 
(Abstract) 


In Ikhe Bogdo of the Altai Range, the heads of the highest valleys open 
into cirques at an altitude of about 12,000 feet. The peaks have not been 
carved into typical alpine form by headward extension of the cirques; instead, 
the smooth peneplaned upland of the range broadly separates the glacial 
bowls. The floors of the bowls, and especially the valleys below them, are 
deeply trenched by streams. The valley sides bear a number of rock terraces, 
each covered by heavy boulders. In the principal valley investigated, the 
highest rock shelf is 300 feet above the present stream which flows upon a 
fill of boulders. Since glaciation, therefore, the stream has had time to cut 
deep into the valley, largely destroying the glacial trough. No moraines have 
wholly survived save a small dissected moraine just at the mouth of the 
cirque. 

Post-glacial trenching is proportionately less advanced in the glacial valleys 
of Europe and of the United States. The streams of Ikhe Bogdo were not 
steeper, and probably did not have a heavier rain supply than did the post- 
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glacial torrents of the Alps or the Rockies. The indication seems to be that 
the period of post-glacial stream erosion has been longer in the Altai than 
in Europe or America. 

These considerations raise the question whether the last glaciation of Ikhe 
Bogdo corresponds to the Wiirm, of Wisconsin, or an earlier one—perhaps the 
Riss, or Ilinoian. 


Presented in abstract extemporaneously by the junior author. 


COMPRESSIBILITY AND ELASTICITY OF ARTESIAN AQUIFERS 
BY OSCAR EDWARD MEINZER 
(Abstract) 


The pore space in an artesian aquifer is filled with water that exerts a 
hydrostatic force against the weight of the overlying rocks. When wells are 
drilled this force is reduced. It has generally been assumed that artesian 
aquifers are incompressible and inelastic, but evidence is presented to show 
that the artesian water, especially in strata of sand and soft sandstone, 
supports a part of the load of the overlying rocks and that the aquifers con- 
tract when the artesian pressure is decreased and expand when it is in- 
creased. 

Compressibility is indicated by laboratory tests, subsidence of the surface, 
excess of discharge over recharge, lag in the decline in head, local character 
of changes in hydraulic gradient, tides in wells caused by ocedn tides, and 
fluctuations in head produced by railroad trains. Expansion is indicated 
chiefly by slow recovery of head after a flowing well is closed. 

Other possible causes of the phenomena cited as evidences of compressibility 
and elasticity are rejected as inadequate. These are as follows: 1. Expansion 
and contraction of the water itself, 2. Precipitation of solids out of solution 
in the water. 3. Escape of gases out of solution. 4. Removal of sand, silt, 
and clay with the water. 5. Leakage through well casings or up through the 
holes on the outside of the casings. 6. Leakage through the confining beds. 

Rough computations indicate only very moderate amounts of contraction 
and expansion but enough to affect radically the conclusions in regard to the 
recharge, movement, and discharge of the water in the artesian aquifers. 


Brief remarks were made by Messrs. A. C. Lane and Paul Weaver, 


with reply by the author. 


INQUIRY INTO THE MAGNITUDE OF THE DEEP SEA REPOSITS 
BY W. H. TWENHOFEL 
(Abstract) 


Considering the length of geologic time, possible age of the deep sea, pos- 
sible extent of the deep sea during geologic time, and possible rates of 
deposition of terrigenous and other sediments in the deep sea, the conclusion 
is reached that the deposits of the deep sea have an order of magnitude com- 
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parable to the shallow water deposits which mantle the continental shelf 
and veneer the continents. 


Brief remarks were made by Prof. F. K. Morris. 


CLIMATIC CONDITIONS WHEN COAL BEDS WERE FORMED 
BY THOMAS C. BROWN 
(Abstract) 


Coal beds, according to the generally accepted view, were formed in great 
swamps at or near sealevel, under a humid tropical climate. This explana- 
tion, however, fails to account for a number of the characters of coal beds 
and the material of which they ave composed. 

1. Most workable coal beds are found in temperate, cold temperate, or even 
polar regions. 

2 The materials which make up these coal beds are in many, if not most, 
instances derived from dry land types and not swamp types of plants. 

3. Important and widespread deposits of plant material are found ac- 
cumulating at the present time almost wholly in the cooler temperate regions 
of the earth, 

4. There are cold temperate regions of today where vegetation exists that 
is tropical in its luxuriance and composed of types similar to those that make 
up the coal beds of the past. ‘ 

5. A study of the evidence derived from deposits of material other than 
the plant beds shows that glacial or near-glacial climates prevailed before, 
during, or immediately after every extensive period of coal formation. The 
amount of coal deposited in any period seems to be proportional to the amount 
of cooling of the climate during that period. 

A careful consideration of this evidence seems to indicate that, leaving out 
those rather limited areas of coal which bear undoubted evidence of having 
been formed under water, the great majority of the workable coal beds were 
formed on land surfaces—perhaps in part covered with swamps—and that 
the important factor in preserving the vegetable accumulations until they 
were finally covered with sediment and sealed up in rock was the prevailing 
low temperature which prevented, or at least retarded, bacterial activity. 
Coal beds were, therefore, not the product of extremely rapid growth under 
warm tropical climates, but rather the product of extremely slow decay under 
cold glacial climates. : 


Brief remarks were made by Dr. David White, with reply by the 
author. 


VERMONT EPIDOTE SCHISTS 


BY ELBRIDGE C. JACOBS 
Read by title. 
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RELATIVE ABUNDANCE OF GLACIAL STRIATIONS, CRESCENTIC 
FRACTURES, AND LUNOID FURROWS 


BY MARLAND BILLINGS 1 
(Abstract) 


The most complete and concise account of glacial markings of which the 
writer is aware may be found in Lahee’s “Field Geology,” second edition, 
1923, page 25. All the standard geological textbooks discuss glacial strig, 
but usually fail to mention crescentic fractures and lunoid furrows (crescep- 
tic gouges), which implies that the latter are relatively rare. Data ¢op- 
cerning the abundance of the various types of glacial markings were gathered, 
in the North Conway Quadrangle of the White Mountains of New Hamp. 
shire, an area underlain by alkaline granites and syenites and associated 
voleanics. In a total of 129 observations on glacial markings, 47 per cent 
were crescentic fractures, 28 per cent lunoid furrows, and only 25 per cent 
striations. It is thus apparent that fractures and furrows are very com- 
mon, at least in igneous terranes. Immediately following the melting of 
the ice, striations were doubtless much more abundant than at present, but 
postglacial weathering has been sufficient to destroy them, whereas the 
deeper crescentic fractures and lunoid furrows have been preserved. 


HIGH GRAVELS OF SUSQUEHANNA RIVER ABOVE COLUMBIA, PENNSYLVANIA 


BY GEORGE W. STOSE 
(Abstract) 


Gravels at 720 feet altitude, 480 feet above the river, are described, and 
other terrace gravels at 600 feet, 520 feet, and 420 feet altitudes are referred 
to. Three lower gravel-covered terraces, respectively 110, 70, and 30 feet above 
the river in the vicinity of Marietta, Pennsylvania, have been carefully 
traced and mapped from Harrisburg, Pennsylvania, to below Columbia. A 
study of a projected profile along the Susquehanna River from Harrisburg, 
Pennsylvania, to Perryville, Maryland, establishes a tentative correlation 
of the 350-foot terrace (110 feet above the river) at Marietta with the 
Sunderland terrace at Perryville; the 310-foot terrace (70 feet above the 
river) with the Wicomico; and the 270-foot terrace (30 feet above the 
river) with the Talbot. The 350-foot terrace has been correlated by Leverett 
with the Illinoisan stage of glaciation, and the writer therefore tentatively 
correlates the Sunderland, Wicomico, and Talbot terraces at the mouth 
of the Susquehanna River respectively with the Illinoisan, early Wisconsin, 
and late Wisconsin. The higher gravel terraces are tentatively correlated 
as follows: The terrace at 420 feet altitude with the Brandywine and pos- 
sibly with the Kansan or Nebraskan stage of glaciation; the terrace at 520 
feet altitude with the Bryn Mawr and possibly also with the Harrisburg 
peneplain at 560 feet in the vicinity of Harrisburg; the terrace at 720 feet 
altitude (480 feet above the river) with the Weverton peneplain; the terrace 
at 600 feet altitude with some intermediate undetermined peneplain. 


Read by title. 








‘Introduced by Kirk Bryan. 
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COLUMNAR STRUCTURES IN LIMESTONE COMPARED WITH BUTTRESS 
STRUCTURES IN VOLCANIC AGGLOMERATE 


BY E. B. BRANSON AND W. A. TARR 
(Abstract) 


In the upper part of the Gallatin formation (Cambrian), on the east slope 
of the Wind River Mountains of Wyoming, columnar structures of a remark- 
able kind occur in places in limestone. The columns range up to six feet 
in length and more than a foot in diameter. They seem to have been pro- 
duced by settling and slipping along joints, due to solution along bedding 
planes and joint planes. 

In northwestern New Mexico are many plugs made up of fragmental 
yoleanic materials. The sides of the plugs have huge buttresses with 
rounded depression between. The depressions are deeply scored vertically. 
The buttressing and scoring seem to have been produced by the forcing 
upward of the plugs through conduits with rough sides after the fragmental 
materials had consolidated. 


Read by title. 
ORIGIN OF THE PRECAMBRIAN BANDED IRON FORMATIONS 
BY E. S. MOORE AND J. E. MAYNARD 
(Abstract) 


Certain conclusions have been reached regarding the origin of - these 
formations from a series of laboratory experiments on solutions of iron 
and silica. These experiments have been carried on by aid of the National 
Research Council of Canada, and a complete report of results will be avail- 
able at an early date. It has been shown that iron in natural waters is 
carried in solution as a ferric oxide hydrosol stabilized by protective colloids, 
and that silica in the proportions found in solution in most natural waters 
is colloidal. It is impossible for alkaline silicates to exist in solutions of a 
dilution of less than 25 parts per million, owing to complete hydrolysis of 
the silica. Colloidal iron oxide is quickly precipitated from solution by 
mixing with a solution of colloidal silica, except in the presence of organic 
colloids, and both of these substances are precipitated by electrolytes in sea 
water, the iron being thrown down very quickly and the silica very slowly. 
Time is an important factor in the precipitation of silica from dilute solu- 
tions carried to the sea by streams. Peat solution is the only protective 
colloid capable of stabilizing ferric oxide in colloidal solution which occurs 
in natural waters, and which could be found after a large number of labora- 
tory experiments. A banded structure resembling that of the iron formation 
was obtained by precipitating colloidal iron oxide and silica from solution 
by the electrolytes of sea water, and some of the silica on standing a con- 
siderable time assumed a globular form. Slight agitation of the liquid caused 
these globules to become coated with iron oxide. 


Read by title. 
XV—BvLL. Geo. Soc. AM., VoL. 39, 1927 
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SINK-HOLES AND SPRINGS NEAR BELLEVUE, OHIO 
BY GEORGE D. HUBBARD 
(Abstract) 


Devonian limestones underlie the region and dip eastward. Solution 
work has opened up many sink-holes in the vicinity of Bellevue; also seepage 
ways underneath to lower ground northward. Surface drainage is prae. 
tically wanting over about 100 square miles of rather level land. 

The water that descends in this region comes up in some 25 springs of 
large and small sizes near Castalia and in about 200 artesian wells west. 
ward from the springs. Travertine deposits cover nearly 25 square miles 
of land down the slopes from the springs. 

This combination of sink-hole, subdrainage, and springs involves sever] 
economic problems: water supply and sewage disposal for Bellevue, traver. 
tine for the cement manufacturing industry, excellent waters for fish ¢ey)- 
ture, and a little agricultural interference. 


Read by title. 
RESOLUTION OF THANKS 


The Geological Society of America thanks most heartily the author- 
ities of Western Reserve University and of the Case School of Applied 
Science and the Local Committee for their cordial hospitality and the 
excellent arrangements, which have contributed so much to the sue- 
cess and comfort of this meeting, one of the most successful ever held. 

The fact that the unexpectedly large attendance and the unusually 
heavy program have not interfered with the smooth working of the 
arrangements testifies to the excellent planning of the Local Committee 
and the general efficiency and indefatigable efforts of the local staff. 

Hernricu Rtes, Chairman, 
R. W. Brock, 
ALAN M. BATEMAN, 


President Keith then announced that the business, the scientific ses- 
sions, and other activities of the annual meeting of 1927 had been com- 
pleted, and on motion the fortieth annual meeting adjourned at 1:15 
o'clock. 

CHARLES P. BERKEY, 
Secretary. 
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H. A. BUEHLER 

E. M. BurwaAsH 
STEPHEN R. Capps 

J. ERNEST CARMAN 
ErMINE C, Case 
Rottin T. CHAMBERLIN 
THomas C, CHAMBERLIN 
RatpH W, CHANEY 
Tuomas H,. CLark 
HerpMan F, CLELAND 
Artuur P, CoLEMAN 
Wituiam H, Coiirs 
R. J. Cotony 

Cuartes W. Cook 
Atga R. Crook 


FELLOWS 


JosEePH A, CUSHMAN 
E. R Cumines 

C. L. Dake 

NELson C. DALE 
Netson H. Darton 
Cart O. DUNBAR 

A. E. Fatu 

CHarues R, FerrKe 
Aveust F. Forrstr 
J. J. GALLOWAY 
SipNEY L. GALPIN 
ALBERT W. GILES 
Marcus I. GotpMAN 
C. E. Gorbon 
CHARLES N, Goutp 
WALTER GRANGER 

U. S. Grant 

JOHN W. GRUNER 
HERMAN GUNTER 
Curis A. HARTNAGEL 
K. C. Heap 
DonNEL F. Hewerr 
WitiiAm H. Hosss 
Rospert T. Hit 

T. M. Hitts 

Oxiver B, Hopkins 
W. O. Horcukiss 
Ernest Howe 

B. F. HowEtu 
GrorGE D. HusparpD 
J. E. Hyde 

Water F. Hunt 

E. C. Jacoss 
RosweE.u H. JOHNSON 
Dove.tas W. JOHNSON 
GForce F. Kay 
ArtTHuR KEITH 
Russett 8. KNAPPEN 
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Epwarp H. Kraus HernricH RIEs 
; Henry B. KUMMEL JOSEPH K. ROBERTS 
ALFRED C, LANE Austin F. RoGers 
Esper 8. LARSEN BrucE Rose 
Cuartes K. Leto CLARENCE S. Ross 
FRANK LEVERETT RupotF RuEDEMANN 
J. Votnrey LEwis EpwArD SAMPSON 
WALDEMAR LINDGREN T. E. SAVAGE 
CuHeEster R. LONGWELL Ropert W. SAYLeEs 
GERALD F, LOUGHLIN WALDEMAR ‘1’. SCHALLER 
i B. R. Mac Kay Irvine D. Scorr 
CriypE A. MALoTT E. H. SELLARDS 
GrorcGe R. MANSFIELD JOSEPH T’. SINGEWALD, Jr. 
Epwarp B. MATHEWS GeorGeE Otis SMITH 
T. Poote MAYNARD Ricuarp A. SMITH 
Oscar E. MrErnzer R. E. Somers 
W. C. MENDENTIALL EpMuND M. SPIEKER 
GrorGE P. MERRILL ' Lioyp W. STEPHENSON 
Benjamin L. MILier GEORGE W. STOSE 
WittiaAmM J. MILLER WILBER Stout 
Huen D. Miser W. A. Tarr 
E. S. Moore Frank B. Tayior a 
RayMonpb C. Moore W. T. THom, Jr. 
J.J. O? NEILL F. T. THWAITES 
CHARLES PALACHE JoHN L, TILTON 
; WittiAm A, Parks Epwarp L. TROXELL 
W. C. PHALEN W. H. TWEeNHOFEL 
ALEXANDER Hl. Purrirs JosEPH B, TYRRELL 
SipNEY Powers Epwarp O. ULRIcH 
Wittiam F, Proutry FrANK R. Van Horn 
T. T. QuirKE A. C. VEATCH 
Frepertck L. RaANSOME Tuomas L. WALKER 
Cuester A, REEDS GERALD A. WARING 
} Joun B. Reesivr, Jr. CHESTER W. WASHBURNE 
t Davip B. ReGer CHARLES E. WEAVER 
i Harry Frenpine Rep CHESTER K. WENTWORTH 
Wittiam Norru RIce Lewis G. WESTGATE 
: Joun L. Ricu Davin WHITE 
CHarites H. Rich arpson BatLey WILLIS 
STEPHEN RICHARZ A. N. WINCHELL 
: 
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FELLOWS-ELECT 


H. R. Avpricil Water H. ScHOEWE 
Harry N. Eaton F. P. SHerarpD 

James GILLULY L. C. SNIDER 

C. W. HoneEss Jort H. Swartz 
Patt F. KERR I. P. ToLMACHOFF 

T. S. LovERING O. D. Von ENGELN 
FreperiIcK K. Morris ALFRED O. WoopFrorp 


In addition to the foregoing, there were registered at the meeting 
199 members of affiliated and associated societies and visitors. 
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Constitution, By-LAws, AND PusLicaTIon RULEs 


REFERENCE TO ADOPTION AND CHANGES 


The provisional Constitution under which the Society was organized was ap- 
proved August 15, 1888, and adopted December 27, 1888 (see Bulletin, volume 
1, pages 7-8). These rules were elaborated and the revised Constitution ang 
By-Laws were adopted December 27, 1889 (volume 1, pages 536, 571-578). 

Several changes have been made in these rules, which are on record in the 
Bulletin as follows: Changes in the Constitution: December, 1894, volume 6, 
page 432; December, 1897, volume 9, page 400; December, 1909, volume 21, 
page 19; December, 1927, volume 39, page 230. Changes in the By-Laws: 
December, 1891, volume 3, page 470; December, 1893, volume 5, pages 553. 
554; December, 1894, volume 6, page 432; December, 1903, volume 14, page 
535; December, 1909, volume 21, page 19; December, 1920, volume 32, page 13: 
December, 1927, volume 39, page 233. 





CONSTITUTION 


ARTICLE I 
NAME 


This Society shall be known as THE GEOLOGICAL SOCIETY OF AMERICA, 


ARTICLE IT 
OBJECT 


The object of this Society shall be the promotion of the Science of Geology 
in North America. 


ARTICLE ITI 
MEMBERSHIP 


The Society shall be composed of Fellows, Correspondents, and Patrons. 

1. Fellows shall be persons who are engaged in geological work or in teach- 
ing geology. ; 

Fellows admitted without election under the provisional Constitution shall 
be designated as Original Fellows on all lists or catalogues of the Society. 

2. Correspondents shall be persons distinguished for their attainments in 
Geological Science and not resident in North America. 

3. Patrons shall be persons who have bestowed important favors upon the 
Society. 

4. Fellows alone shall be entitled to vote or hold office in the Society. 


ARTICLE IV 


OFFICERS 


1. The officers of the Society shall consist of a President, a First Vice 
President, a Second Vice-President, and one Vice-President to represent each 
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of the societies affiliated with this Society, a Secretary, a Treasurer, an Editor, 
six Councilors, and one Representative for each of the authorized Sections 
of the Society. 

These officers, together with the Presidents for the next preceding three 
years, shall constitute an Executive Committee, which shall be called the 
Council. 

2, The President shall discharge the usual duties of a presiding officer at all 
meetings of the Society and of the Council. He shall take cognizance of the 
acts of the Society and of its officers, and cause the provisions of the Consti- 
tution and By-Laws to be faithfully carried into effect. 

3. The First Vice-President shall assume the duties of President in case of 
the absence or disability of the latter. The Second Vice-President shall as- 
sume the duties of President in case of the absence or disability of both the 
President and First Vice-President. The Third Vice-President shall assume - 
the duties of President in case of the absence or disability of the President 
and First and Second Vice-Presidents. 

4. The Secretary shall keep the records of the proceedings of the Society, 
and a complete list of the Fellows, with the dates of their election and dis- 
connection with the Society. He shall also be the secretary of the Council. 

The Secretary shall cooperate with the President in attention to the ordi- 
nary affairs of the Society. He shall attend to the preparation, printing and 
mailing of circulars, blanks and notifications of elections and meetings. He 
shall superintend other printing ordered by the Society or by the President, 
and shall have charge of its distribution, under the direction of the Council. 

The Secretary, unless other provision be made, shall also act as Editor of the 
publications of the Society, and as Librarian and Custodian of the property. 

5. The Treasurer shall have the custody of all funds of the Society. He 
shall keep account of receipts and disbursements in detail, and this shall be 
audited as hereinafter provided. 

6. The Editor shall supervise all matters connected with the publication of 
the transactions of the Society under the direction of the Council. 

7. The Council is clothed with executive authority and with the legislative 
powers of the Society in the intervals between its meetings; but no extraordi- 
nary act of the Council shall remain in force beyond the next following stated 
meeting without ratification by the Society. The Council shall have control of 
the publications of the Society, under provisions of the By-Laws and of reso- 
lutions from time to time adopted. They shall receive nominations for Fel- 
lows, and, on approval by them, shall submit such nomination to the Society 
for action. They shall have power to fill vacancies ad interim in any of the 
offices of the Society. 

8S. Terms of office—The President and Vice-Presidents shall be elected an- 
nually, and shall not be eligible for re-election until after an interval of three 
years after retiring from office. 

The Secretary, Treasurer, and Editor shall be eligible for re-election with- 
out limitation. 

The term of office of the Councilors shall be three years; and these officers 
shall be so grouped that two shall be elected and two retire each year. Coun- 
cilors retired shall not be re-eligible till after the expiration of a year. 

The term of office of the Representative of a Section of the Society shall be 
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three years, and he shall not be eligible for re-election until after the expira. 
tion of a year. 


ARTICLE V 
VOTING AND ELECTIONS 


1. All elections shall be by ballot. To elect a Fellow, Correspondent or 
Patron, or impose any special tax, shall require the assent of nine-tenths of 
all Fellows voting. 

2. Voting by letter may be allowed. 

3. Election of Fellows.—Nominations for fellowship may be made by two 
Fellows according to a form to be provided by the Council. One of these Fel- 
lows must be personally acquainted with the nominee and his qualifications 
for membership. The Council will submit the nominations received by them, 
if approved, to a vote of the Society in the manner provided in the By-Laws, 
The result may be announced at any stated meeting; after which notice shall 
be sent out to Fellows elect. 

4. Election of officers.—Nominations for office shall be made by the Council, 
The nominations shall be submitted to a vote of the Society in the same map- 
ner as nominations for fellowship. The results shall be announced at the 
Annual Meeting; and the officers thus elected shall enter upon duty at the 
adjournment of the meeting. 


ARTICLE VI 
MEETINGS 


1. The Society shall hold at least one stated meeting a year, in the winter 
season. The date and place of the Winter Meeting shall be fixed by the Coun- 
cil, and announced each year within three months after the adjournment of 
the preceding Winter Meeting. The program of each meeting shall be deter- 
mined by the Council, and announced beforehand, in its general features. The 
details of the daily sessions shall also be arranged by the Council. 

2. The Winter Meeting shall be regarded as the Annual Meeting. At this, 
elections of officers shall be declared, and the officers elect shall enter upon 
duty at the adjournment of the meeting. 

3. Special meetings may be called by the Council, and must be called upon 
the written request of twenty Fellows. 

4. Stated meetings of the Council shall be held coincidently with the stated 
meetings of the Society. Special meetings may be called by the President at 
such times as he may deem necessary. 

5. Quorum.—At meetings of the Society a majority of those registered in 
attendance shall constitute a quorum. Five shall constitute a quorum of the 


Council. 
ARTICLE VII 
PUBLICATION 


The serial publications of the Society shall be under the immediate control 


of the Council. 
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ARTICLE VIII 
SECTIONS 


1. Any group of Fellows representing a particular branch of geology or 
definite region may, with consent of the Council, organize as a Section of the 
Society with separate constitution and by-laws, provided that nothing in such 
constitution and by-laws conflicts with the Constitution and By-Laws of the 
Geological Society of America, in letter or spirit, and provided that such con- 
stitution and by-laws and all amendments thereto have been approved by the 
Council. 

2 Fellows of the Society residing west of the 105th Meridian are author- 
ized to organize as a section of the Society, to be known as the Cordilleran 
Section. The purpose of the Cordilleran Section shall be to serve the con- 
venience of Fellows of the Society in the matter of arranging and holding 
meetings for the discussion of scientific questions and in general to promote 
the interests of the Society in the region of its membership. It shall operate 
under the Constitution of the Society, but may adopt by-laws governing its 
conduct which are not inconsistent with the Constitution and By-Laws of the 
Society. It is authorized to nominate a representative to the Council of the 
Society who shall be designated Representative of the Cordilleran Section. 
The Representative of the Cordilleran Section shall hold office for three years 
and shall have a vote on all matters coming before the Council for decision. 


ARTICIE IX 
AMENDMENTS 


1. This Constitution may be amended at any annual meeting by a three- 
fourths vote of all the Fellows, provided that the proposed amendment shall 
have been submitted in print to all Fellows at least three months previous to 
the meeting. 

2. By-laws may be made or amended by a majority vote of the Fellows 
present and voting at any annual meeting, provided that printed notice of the 
proposed amendment or by-law shall have been given to all Fellows at least 
three months before the meeting. 


BY-LAWS 


CHAPTER I 
OF MEMBERSHIP 


1. No person shall be accepted as a Fellow unless he pay his initiation fee, 
and the dues for the year, within three months after notification of his elec- 
tion. The initiation fee shall be ten (10) dollars and the annual dues ten (10) 
dollars, the latter payable on or before the annual meeting in advance; but a 
single prepayment of one hundred fifty (150) dollars shall be accepted as com- 
mutation for life. A Fellow in good standing, however, who has paid annual 
dues for not less than fifteen (15) years may commute further dues and be- 
come a Life Fellow by making a single payment of one hundred (100) dollars. 
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2. The sums paid in commutation of dues shall be covered into the Publica. 
tion Fund. 

3. An arrearage in payment of annual dues shall deprive a Fellow of the 
privilege of taking part in the management of the Society and of receiving the 
publications of the Society. An arrearage continuing over two (2) years shall 
be construed as notification of withdrawal. 

4. Any person eligible under Article III of the Constitution may be elected 
latron upon the payment of one thousand (1,000) dollars to the Publication 
Fund of the Society. 


CHAPTER II 
OF OFFICIALS 


1. The President shall countersign, if he approves, all duly authorized ae. 
counts and orders drawn on the Treasurer for the disbursement of money, 

2. The Secretary, until otherwise ordered by the Society, shall perform the 
duties of Editor, Librarian, and Custodian of the property of the Society. 

3. The Society may elect an Assistant Secretary. 

4. The Treasurer shall give bonds, with two good sureties approved by the 
Council, in the sum of five thousand dollars, for the faithful and honest per- 
formance of his duties and the safe-keeping of the funds of the Society. He 
may deposit the funds in bank at his discretion, but shall not invest them 
without authority of the Council. His accounts shall be balanced as on the 
thirtieth day of November of each year. 

5. In the selection of Councilors the various sections of North America shall 
be represented as far as practicable. 

6. The minutes of the proceedings of the Council shall be subject to call by 
the Society. 

7. The Council may transact its business by correspondence during the inter- 
vals between its stated meetings; but affirmative action by a majority of the 
Council shall be necessary in order to make action by correspondence valid. 


CHAPTER III 
OF ELECTION OF MEMBERS 


1. Nominations for fellowship may be proposed at any time on blanks to be 
supplied by the Secretary. 

2. The form for the nomination of Fellows shall be as follows: 

In accordance with his desire, we respectfully nominate for Fellow of the 
Geological Society of America: 

Full name; degrees, address, occupation, branch of Geology now engaged 
in, work already done and publications made. 

(Signed by at least two Fellows.) 


The form when filled is to be transmitted to the Secretary. 

3. The Secretary will bring all nominations before the Council, and the 
Council will signify its approval or disapproval of each. 

4. At least a month before the annual meeting of the Society the Secretary 
shall mail to each Fellow suitable forms of ballots, and return envelopes, 
including a printed list of all approved nominees, accompanied by such infor- 
mation as may be necessary for intelligent voting. 
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* 5. The Fellows receiving the list will signify their approval or disapproval 
of each nominee, and return the lists to the Secretary. 

6. At the next stated meeting of the Council the Secretary will present the 
lists and the Council will canvass the returns. 

7. The Council, by unanimous vote of the members in attendance, may still 
exercise the power of rejection of any nominee whom new information shows 
to be unsuitable for fellowship. 

8. At the next stated meeting of the Society the Council shall declare the 
results. 

9. Correspondents and Patrons shall be nominated by the Council, and shall 
be elected in the same manner as Fellows. 


CHAPTER IV 
OF ELECTION OF OFFICERS 


1. The Council shall prepare a list of nominations for the several offices, 
which list will constitute the regular ticket. The ticket must be approved by 
a majority of the entire Council. The nominee for President shall not be a 
member of the Council. The nominee for Third Vice-President shall be the 
nominee for the presidency of the Paleontological Society, which has been 
organized as a section under Article VIII of the Constitution. The nominee 
for the Vice-President representing an affiliated society shall be from the joint 
fellowship by vote of the affiliated society concerned, subject to confirmation 
by the Council of the Geological Society of America. 

2. The list shall be mailed to the Fellows, for their information, -at least 
nine months before the Annual Meeting. Any five Fellows may forward to 
the Secretary other nominations for any or all offices. All such nominations 
reaching the Secretary at least 40 days before the Annual Meeting shall be 
printed, together with the names of the nominators, as special tickets. The 
regular and special tickets shall then be mailed to the Fellows at least 25 days 
before the Annual Meeting. 

3. The Fellows will send their ballots to the Secretary in double envelopes, 
the outer envelope bearing the voter’s name. At the Winter Meeting of the 
Council, the Secretary will bring the returns of ballots before the Council for 
canvass, and during the Winter Meeting of the Society the Council shall de- 
clare the result. 

4. In case a majority of all the ballots shall not have been cast for any 
candidate for any office, the Society shall by ballot at such Winter Meeting 
proceed to make an election for such office from the two candidates having the 
highest number of votes. 


CHAPTER V 


OF FINANCIAL METHODS 


1. No pecuniary obligation shall be contracted without express sanction of 
the Society or the Council. But it is to be understood that all ordinary, inci- 
dental, and running expenses have the permanent sanction of the Society, 
without special action. 

2. The creditor of the Society must present to the Treasurer a fully itemized 
bill, certified by the official ordering it, and approved by the President. The 
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Treasurer shall then pay the amount out of any funds not otherwise appro- 
priated, and the receipted bill shall be held as his voucher. 

3. At each annual meeting, the President shall call upon the Society to 
choose two Fellows, not members of the Council, to whom shall be referred 
the books of the Treasurer, duly posted and balanced to the close of November 
thirtieth, as specified in the By-Laws, Chapter II, clause 4. The Auditors 
shall examine the accounts and vouchers of the Treasurer, and any member or 
members of the Council may be present during the examination. The report 
of the Auditors shall be rendered to the Society before the adjournment of the 
meeting, and the Society shall take appropriate action. 


CHAPTER VI 
OF PUBLICATIONS 


1. The publications are in charge of the Council and under its control. 
2. One copy of each publication shall be sent to each fellow, Correspondent, 
and Patron, and each author shall receive forty (40) copies of his memoir. 


CHAPTER VII 
OF THE PUBLICATION FUND 


1. The Publication Fund shall consist of donations made in aid of publica- 
tion, and of the sums paid in commutation of dues, according to the By-Laws, 
Chapter I, clause 2. 

2. Donors to this fund, not Fellows of the Society, in the sum of two hun- 
dred dollars, shall be entitled, without charge, to the publications subsequently 
appearing. 

Cuapter VIII 


OF ORDER OF BUSINESS 


1. The Order of Business at Winter Meetings shall be as follows: 
(1) Call to order by the presiding officer. 
(2) Introductory ceremonies. 
(83) Report of the Council (including report of the officers). 
(4) Appointment of the Auditing Committee. 
(5) Declaration of the vote for officers, and election by the meeting in 
case of failure to elect by the Society through transmitted ballots. 
(6) Declaration of the vote for Fellows. 
(7) Deferred business. 
(8) New business. 
(9) Announcements. 
(10) Necrology. 
(11) Reading of scientific papers. 

2. At an adjourned session the order shall be resumed at the place reached 
on the previous adjournment, but new business will be in order before the 
reading of scientific papers. “ 

3. At the Summer Meeting the items of business under numbers (3), (4), 
(5), (10) shall be omitted. 

4. At any Special Meeting the order of business shall be numbers (1), (2), 
(3), (9), followed by the special business for which the meeting was called. 
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PUBLICATION RULES OF THE GEOLCGICAL SocrETY OF AMERICA 


«idopted by the Council April 21, 1891; Revised April 30, 1894, May, 1904, and 
February 5, 1910) 


GENERAL PROVISIONS 


Section 1. The Council shall annually appoint from their own number a 
Publication Committee, consisting of the Secretary, the Treasurer, the Editor, 
and two others, whose duties shall be to determine the disposition of matter 
offered for publication, except as provided in section 12; to determine the ex- 
pediency, in view of the financial condition of the Society, of publishing any 
matter accepted on its merits; to exercise general oversight of the matter and 
manner of publication; to determine the share of the cost of publication (in- 
cluding illustrations) to be borne by the author when it becomes necessary to 
divide cost between the Society and the author; to adjudicate any questions 
relating to publication that may be raised from time to time by the Editor or 
by the Fellows of the Society; and in general to act for the Council in all 
matters pertaining to publication. (Cons., Art. IV, 7; Art. VII; By-Laws, 
chap. VI.) 

2. The duties of the Editor are to receive material offered for publication; 
to examine and submit it, with estimates of cost, to the Publication Commit- 
tee; to publish all material accepted by the Council or Publication Committee ; 
to revise proofs in connection with authors; to prepare lists of contents and 
general indexes; to audit bills for printing and illustrating; and to perform 
all other duties connected with publication not assigned to other officers. 
(Cons., Art. IV, 6; Rules, Sec. 16.) 

3. The duties of the Secretary include the preparation of a record of the 
proceedings of each meeting of the Society in form for publication, and the 
eustody, distribution, sale, exchange or other authorized disposition of the 
publications. (Cons., Art. IV, 4; By-Laws, chap. II, 2. 

4. Special committees may be appointed by the Council or the Publication 
Committee to examine and report on any matter offered for publication. 
(Rules, Sec. 11.) 


THE BULLETIN 
TITLE AND GENERAL CHARACTER 


5. The Society shall publish a serial record of its work entitled “Bulletin of 
the Geological Society of America.” 

6. The Bulletin shall be published in quarterly parts, consecutively paged 
for each volume. The parts shall be suitably designated and each shall bear a 
title setting forth the contents and authorship, the seal and imprint of the 
Society and the date of publication. 

7. The closing quarterly part of each volume shall contain an index, paged 
consecutively with the body of the volume; and it shall be accompanied by a 
volume title-page and lists of contents and illustrations, together with lists of 
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the publications of the Society and such other matter as the Publication Com. 
mittee may deem necessary, all arranged under Roman pagination. 


MATTER OF THE BULLETIN 


8. The matter published in the Bulletin shall comprise (1) communications 
presented at meetings by title or otherwise; (2) communications or memoirs 
not presented before the Society; (3) abstracts of papers read before the So- 
ciety, prepared or revised for publication by authors; (4) reports of discus. 
sions held before the Society, prepared or revised for publication by authors; 
(5) proceedings of the meetings of the Society prepared by the Secretary; (6) 
piates, maps, and other illustrations necessary for the proper understanding 
of communications; (7) lists of Officers and Fellows, Constitution, By-Laws, 
resolutions of permanent character, rules relating to procedure, to publication, 
and to other matters, etcetera, and (8) indexes, title-pages, and lists of con. 
tents for each volume. 

9. Abstracts, reports of discussion, or other matter purporting to emanate 
from any author shall not be published unless prepared or revised by the 
author. 

10. Manuscript designed for publication in the Bulletin must be complete as 
to copy for text and illustration, except by special arrangement between the 
author and the Council or Publication Committee; it must be perfectly legible 
(preferably typewritten) and preceded by a table of contents (section 15). 
The cost of necessary revision of copy or reconstruction of illustrations shall 
be assessed on the author. 

11. The Editor shall examine matter designated for publication, and shall 
prepare an itemized estimate of the cost of publication and convey the whole 
to the Publication Committee. The Publication Committee shall then scruti- 
nize the communication with reference, first, to relevancy; second, to scientific 
value; third, to literary character, and, fourth, to cost of publication, includ- 
ing revision. For advice with reference to the relevancy, scientific value, and 
literary character of any communication the Publication Committee may refer 
it to a special committee of their own number or of the Society at large or 
may call to their aid from outside one or more experts. Questions of disagree- 
ment between the Editor and authors shall be referred to the Publication 
Committee and appeal may be taken to the Council. 

12. Communications from non-fellows shall be published only by specific 
authority from the Council. 

13. Communications from Feliows not presented at regular meetings of the 
Society shall be published only upon unanimous vote of the Publication Com- 
mittee, except by specific authority from the Council. 

14. Matter offered for publication becomes thereby the property of the So- 
ciety, and shall not be published elsewhere prior to publication in the Bulletin, 
except by consent of the Publication Committee. 


DETAILS OF THE BULLETIN 


15. The matter of each memoir shall be classified by subjects, and the classi- 
tication suitably indicated by subtitles; and a list of contents shall be ar- 
ranged; and such memoir may, at the option of the Publication Committee, 
contain an alphabetical index, provided the author prepare and pay for it. 
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16. Proofs of text and illustrations shall be submitted to authors whenever 
practicable ; but printing shall not be delayed by reason of absence or inca- 
pacity of authors more than one week beyond the time required for transmis- 
sion by mail. Complete proofs of the proceedings of meetings shall be sent to 
the Secretary, and proofs of papers and abstracts contained therein and ex- 
ceeding one-half page in length shall be sent also to authors. 

17. The cost of proof corrections in excess of ten per cent on the cost of 
printing may be charged to authors. 

18. Unless the author of a memoir objects thereto, the discussion upon his 
communication shall be printed at the end thereof, with a suitable reference 
in the list of contents. In case the author objects to this arrangement, the 
discussion shall be printed in the closing number of the volume. 

19. The author of each memoir occupying four pages or more of text in the 
pody of the Bulletin shall receive 40 “separates” without charge, and may 
order through the Editor any edition of exactly similar separates at an ad- 
yance of ten per cent on the cost of paper, presswork and binding; and no 
author’s separates of such memoirs shall be issued except in this regular form. 

290. Authors of papers, abstracts, or discussions less than four printed pages 
in length may order, through the Editor, at an advance of ten per cent on the 
cost of paper, presswork, binding and necessary composition, any number of 
extra copies, provided they bear the original pagination and a printed refer- 
ence to the serial and volume from which they are extracted. 

21. The Editor shall keep a record of all publications issued wholly or in 
part under the auspices of the Society, whether they be author’s editions of 
memoirs, author’s extracts from proceedings, or any other matter printed from 
type originally composed for the Bulletin. 


DIRECTIONS TO PRINTER 


22. Each memoir of the Bulletin shall begin under its proper title, on an 
odd-numbered page bearing at its head the title of the serial, the volume num- 
ber, the part number, the limiting pages, the plates, and the date of publica- 
tion, together with a list of contents. Each memoir shall be accompanied by 
the illustrations pertaining to it, the plates numbered consecutively for the 
volume. 

23. The author's separates of each memoir shall be enclosed in a cover bear- 
ing at the head of its title-page the title of the serial, the volume number, the 
limiting pages, and the numbers of the contained plates; in its upper-central 
part a title indicating the contents and authorship; in its lower-central part 
the seal of the Society; and at the bottom the imprint of the Society. (See 
also sections 19 and 20.) 

24. The bottom of each signature and each initial page will bear a signature 
mark giving an abbreviated title of the serial, the volume, and the year; and 
every page (except volume title-page) shall be numbered, the initial and sub- 
title pages in parentheses at bottom. 

25. The page-head titles shall be: on even-numbered pages, name of author 
and catch title of paper; on odd-numbered pages, catch title to contents of 
page. 

26. The date of publication of each brochure shall be the day upon which 
the last form is locked and put on the press. 
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27. The type used in printing the Bulletin shall be as follows: For memoirs, 
body, 10 point, 2-point leads: extracts, § point, 2-point leads; footnotes, ¢ 
point, 2-point leads; titles, 10-point caps, with small caps for author's name; 
subtitles, 10-point caps and small caps, 6-point italic caps, etcetera, as far as 
practicable; for designation of cuts, 6-point caps and italics, and for legends, 
6 point, Roman, 2-point leads; for lists of contents of brochures, 8 point, 2. 
point leads, a new line to an entry, running indentation; for volumes, the 
sume, except names of authors in small caps; for indexes, 6 point, solid, 
double column, leaders, catch words in small caps, with spaces between initia] 
letters. For serial titles, on initial pages, 8-point block caps, with correspond. 
ing small caps for volume designation, etcetera; on covers the same, except 
for page heads 10-point caps; for serial designation, 10 point; for brochure 
designation, 12-point caps; special title and author’s name, etcetera, 10-point 
and 8-point caps; no frame on cover. No change in type shall be made to 
adjust matter to pages. 

28. Volumes, plates, and cuts in text shall be numbered in Arabic; Roman 
numeration shall be used only in signature marks, and in paging the lists of 
contents, etcetera, arranged for binding at the beginning of the volume. 

29. Imprimatur of Editor, on volume title-page; imprimatur of Council and 
Publication Committee, on obverse of volume title-page; imprimatur of Seere- 
tary, on initial pages and covers of brochures of proceedings. Printer’s card, 
in fine type on obverse of title-page. 

30. The paper shall be for body volume, 70-pound toned paper, folding to 
16x 25 centimeters; for plates, good quality plate paper, smooth-surfaced, 
white, cut to 6% x 10 inches for single plates; for covers, smooth-surfaced, fine 
quality 70-pound light-buff manila paper. 

31. The sheets of the brochures shall be stitched with thread; single page 
plates shall be stitched with the sheets of the brochure; folding plates may be 
either gummed or stitched (mounted on stubs if necessary) ; covers shall be 


gummed. 
EDITION, DISTRIBUTION, AND PRICE 


32. The regular edition shall be 1,000 copies in the regular quarterly form 
und 50 copies separately in covers of each memoir occupying four pages or 
more of text. Each author of a memoir occupying not less than four pages of 
text shall receive 40 copies of his memoir gratis. If two or more authors 
contribute to a memoir brochure of four pages or more in length, the edition 
shall be enlarged so as to give each author 40 copies. (By-Laws, chap. VI, 2.) 

33. The undistributed residue of separates shall be held for sale. 

34. The Bulletin shall be sent free to Fellows of the Society not in arrears 
for dues, and also to exchanging institutions. (By-Laws, chap. I, 3.) 

35. The price of the Bulletin shall be as follows: To Fellows, libraries, and 
institutions, and to individuals not residing in North America, $9 per vol- 
ume; to individuals residing in North America and who are not Fellows, $10. 
The price of each brochure shall be a multiple of five cents, and shall be, te 
Fellows, one cent per page plus three cents per plate, and to the publiean 
advance of fifty per cent on the price to Fellows. The prices of the separate 
brochures and of the quarterly parts may be found in the front of each volume. 
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Lists OF FORMER OFFICERS AND MEETINGS, WITH DatTEs 


By recommendation of the Council, a complete list of past officers, 
with the dates of their service, is printed in the Proceedings. 


1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 
1897. 
1898. 
1899. 
1900. 
1901. 
1902. 
1908. 
1904. 
1905. 
1906. 
1907. 
1908. 


PRESIDENTS 


JAMES HALL 

JAMES D. DANA 
ALEXANDER WINCHELL 
G. K. GILBERT 

J. Witt1AM Dawson 
T. C. CHAMBERLIN 
N. S. SHALER 
JosEPH LE CONTE 
EpWARD ORTON 

J. J. STEVENSON 

B. K. EMERSON 

G. M. Dawson 

Cc. D. Watcotr 

N. H. WINCHELL 

S. F. EMMons 

J. C. BRANNER 
RAPHAEL PUMPELLY 
I. C. RUSSELL 

Cc. R. VAN HIseE 
SAMUEL CALVIN 


1909. Grove K. GILBERT 
1910. ARNOLD HAGuE 

1911. Wirtram M. Davis 
1912. H. L. Farrcnuimp 
1913. EUGENE A. SMITH 
1914. Georce F. BECKER 
1915. ArTHUR P. COLEMAN 
1916. JoHN M. CLARKE 
1917. Frank D. ADAMS 
1918. WHITMAN Cross 
1919. J. C. MeRRIAM 
1920. I. C. WHITE 

1921. James F. Kemp 
1922. CHARLES SCHUCHERT 
1923. Davin WHITE 

1924. WALDEMAR LINDGREN 
1925. Wuittiam RB. Scorr 
1926. ANDREW C. LAWSON 
1927. ArtTHUR KEITH 


VICE-PRESIDENTS 


(Not including ex-officio Vice-Presidents representing the affiliated Socicties) 


1889. 
1890. 
i891. 
1892. 
1893. 
1894. 
1895. 
1896. 
1897. 
1898. 
1899. 
1900. 
1901. 
1902. 
1903. 
1904. 
1905. 
1906. 


XVI—BULL. GroL. Soc. AM., Vor. 


JAMES D. DANA 
J. S. NEWBERRY 
G. K. GILBERT 

J. W. Dawson 

T. C. CHAMBERLIN 
N. S. SHALER 
JOSEPH LE CONTE 
CHARLES H. HitcuHcock 
J. J. STEVENSON 
B. K. EMERSON 

G. M. Dawson 

C. D. Watcorr 

N. H. WINCHELL 
S. F. Emmons 
ARNOLD HAGUE 

H. S. WittramMs 
SAMUEL CALVIN 
W. M. Davis 


ALEXANDER WINCHELL 
A. WINCHELL 

T. C. CHAMBERLIN 

T. C. CHAMBERLIN 

J. J. STEVENSON 

G. H. WiLLIAMsS 
CHARLES H. HitcHcock 
EDWARD ORTON 

B. K. EMERSON 

G. M. Dawson 

Cc. D. WatcotTTr 

v. H. WINCHELL 

. F. EMMons 

. C. BRANNER 

H. 8S. WILLIAMS 
SAMUEL CALVIN 

W. M. Davis 

E. A. SMITH 


“ Rn 
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1907. J. S. DILLer A. P. COLEMAN 
1908. GrorGcE F. BECKER A. C. LAWSON 
1909. FraNK D. ADAMS JOHN M. CLARKE 
1910. CHARLES SCHUCHERT A. P. Low 
1911. Wutt1amM NortH RIce 
1912. IsraEL C. WHITE 
1913. James F. Kemp R. D. SALISBURY 
1914. WatLpeEMAR LINDGREN Horace B. Patton 
1915. L. V. Prrsson H. P. CusHING 
1916. J. P. Ippines H. F. Remp 
1917. A. C. LAWSON W. D. MaTTHEW 
1918. Bamey WILLIS FRANK LEVERETT 
1919. R. A. F. PENROSE, Jr. HERBERT E. GREGORY 
1920. GrorGE P. MERRILL W. G. MILLER 
1921. J. B. WoopwortH ARTHUR KEITH 
1922. Henry S. WASHINGTON Rosert T. HI. 
1923. W. H. Hopss W. H. Emmons 
1924. Witiram A. ParKs JoHaAN A. UDDEN 
1925. ReGinatp W. Brock Marius R. CAMPBELL 
1926. HEINRICH RIEs Lewis G. WESTGATE 
1927. CHARLES K. LEITH Dovctas W. JOHNSON 
TREASURERS SECRETARIES 
1889-1891. H. S. WILLIAMS 1889-1890. Joun J. STEVENSON 
1892-1906. I. C. WHITE 1891-1906. H. L. Farrcnimp 
1907-1917. W. B. Crark 1907-1922. E. O. Hovey 
1917- E. B. MATHEWS 1923- CHARLES P. BERKEY 
EDITORS 
1890-1892. W J McGEE 
1893- J. STANLEY-BROWN 
COUNCILORS 

1889. J. W. PowELi J. S. NEWBERRY 
1890. J. W. Powe. G. M. Dawson’ C. H. HitcHcock 
1891. Grorce M. Dawson J. C. BRANNER 
1892. N. H. WINCHELL H. S. WILLIAMS 
1893. E. A. SMITH C. D. WaLcort 
1894. F. D. ADAMS I, C. RUSSELL 
1895. R. W. Eis C. R. VAN HISE 
1896. B. K. Emerson J. M. STAFFORD, 
1897. J. S. DILLer W. B. Scorr 
1898. Ropert BELL M. E. WapswortTH 
1899. W. M. Davis JoserpH A. HoLMES 
1900. W. B. CLARK A. C. LAWSON 
1901. SAMUEL CALVIN ARTHUR P. COLEMAN 
1902. C. W. Hayes J. P. Ippines 








ON 











1908. 


1904. 
1905. 
1906. 
1907. 
1908. 


1909. 
1910. 


1911. 
1912. 
1913. 
1914. 
1915. 
1916. 
1917. 
1918. 
1919. 
1920. 
1921. 


1922. 


1923. 


1924. 
1925. 
1926. 


1927. 


R. D. SALISBURY 
JoHN M. CLARKE 
H. M. AMI 

A. C. LANE 

H. E. GREGORY 
H. P. CUSHING 
G. O. SMITH 

J. B. WoopwortH 
A. H. PURDUE 

S. W. BEYER 
WHITMAN Cross 


R. A. F. PENROSE, Jr. 


CHARLES K. LEITH 
Frank B. TAyYLor 
ARTHUR L. Day 
JOSEPH BARRELL 
WiuiaMm 8S. BAyYLey 
T. W. VAUGHAN 
L. C. GRaToNn 

E. S. BaASTIN 

E. O. Hovey 
CHARLES CAMSELL 
Frep. E. WricHT 
U. S. GRANT 
NELSON H. DaRTON 
H. Foster BAIN 


FORMER OFFICERS AND MEETINGS 243 


J. E. Wourr 
Georce P. MERRILL 
J. F. Kemp 

Davin WHITE 

H. F. Rew 

H. B. Patron 

H. S. WASHINGTON 
C. S. Prosser 
HEINRICH RIES 
ARTHUR KEITH 

W. G. MILLER 

W. W. ATWwoop 
THoMAS IL. WATSON 
CHARLES P. BERKEY 
WirtiaAM H. EMMONS 
R. A. DALY 

EuGENE W. Suaw 
GrorGE F. Kay 

G. D. LoupERBACK 
L. G. WESTGATE 

A. H. Brooks 

J. A. BOWNOCKER 
WittiAM H. TWENHOFEL 
FLORENCE Bascom 
GerorGE H. ASHLEY 
HENRY B. KUMMEL 


ANNUAL AND SEMI-ANNUAL MEETING PLACES 


1888. 
1889. 


1890. 


1891. 


1892. 


1893. 


1894. 


1895. 


1896. 


1898. 


Ithaca, New York. 

Toronto, Canada, August. 

New York City, December. 
Indianapolis, Indiana, August. 
Washington, D. C., December. 
Washington, D. C., August. 
Columbus, Ohio, December. 
Rochester, New York, August. 
Ottawa, Canada, December. 
Madison, Wisconsin, August. 
Boston, Massachusetts, December. 
Brooklyn, New York, August. 
Baltimore, Maryland, December. 
Springfield, Massachusetts, August. 
Philadelphia, Pennsylvania, December. 
Buffalo, New York, August. 
Washington, D. C., December. 
Detroit, Michigan, August. 
Montreal, Canada, December. 
Boston, Massachusetts, August. 
New York City, December. 
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1899. 


1908. 
1909. 
1910. 
1911. 
1912. 
19138. 
1914. 
1915. 


1916. 
1917. 
1918. 
1919. 
1920. 
1921. 
1922. 
1923. 
1924. 
1925. 
1926. 


1927. 


Columbus, Ohio, August. 

Washington, D. C., December. 

New York City, June. 

Albany, New York, December. 

Denver, Colorado, August. 

Rochester, New York, December. 
Pittsburgh, Pennsylvania, July. 
Washington, D. C., December. 

Saint Louis, Missouri, December. 
Philadelphia, Pennsylvania, December. 
Ottawa, Canada, December. 

New York City, December. 
Albuquerque, New Mexico, December. 
Baltimore, Maryland, December. 
Cambridge and Boston, Massachusetts, December. 
Pittsburgh, Pennsylvania, December. 
Washington, D. C., December. 

New Haven, Connecticut, December. 
Princeton, New Jersey, December. 
Philadelphia, Pennsylvania, December. 
Leland Stanford, Jr., University, California, August. 
Washington, D. C., December. 

Albany, New York, December. 

Saint Louis, Missouri, December 
Baltimore, Maryland, December. 
Boston, Massachusetts, December. 
Chicago, Illinois, December. 

Amherst, Massachusetts, December. 
Ann Arbor, Michigan, December. 
Washington, D. C., December. 

Ithaca, New York, December. 

New Haven, Connecticut, December. 
Madison, Wisconsin, December. 
Cleveland, Ohio, December. 
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OFFICERS, CORRESPONDENTS, AND FELLOWS OF 'THE 
GEOLOGICAL SOCIETY OF AMERICA 


OFFICERS FOR 1928 
President: 


BaiLeEY Wriuis, Stanford University, Calif. 


Vice-Presidents: 


ALFRED C. LANu, Tufts College, Mass. 


WittrAm H. Cotiins, Ottawa, Canada. 
Aveust F. Forrste, Dayton, Ohio. 
Esper 8. Larsen, Cambridge, Mass. 
Secretary: 
CuHarLes P. Berkey, Columbia University, New York, N. Y. 
Treasurer: 


Epwarp B. Matuews, Baltimore, Md. 


Editor: 
JOosEPH STANLEY-Brown, 44 Wall Street, New York, N. Y. 
Councilors: 
(Term expires 1928) 


Netson H. Darton, Washington, D. C. 


GrorGe H. Asu ey, Harrisburg, Pa. 


(Term expires 1929) 
H. Foster Barn, New York, N. Y. 
Henry B. KumMet, Trenton, N. J. 
(Term expires 1930) 


Grorce R. Mans¥ieELD, Washington, D. ©. 
WitirAm E. Wratner, Dallas, Texas. 





PROCEEDINGS OF THE CLEVELAND MEETING 


MEMBERSHIP, 1928 
CORRESPONDENTS 


BarkoIS, CHARLES, Lille, France. Dec., 1909. 

BATHER, FRANCIS ARTHUR, London, England. Dec., 1926. 

Briccer, W. C., Christiania, Norway. Dec., 1909. 

Davin, Sir TANNATT WILLIAM EpGewortH, Sydney, New South Wales. Dee, 
1923. 

De Geer, BARON GERHARD, Stockholm, Sweden. Dec., 1910. 

Der MARGERIE, EMMANUEL, Strasbourg, Alsace, France. Dec., 1921. 

HARKER, ALFRED, Cambridge, England. Dec., 1924. 

Herm, ALBERT, Zurich, Switzerland. Dec., 1909. 

Kraer, Jouan, Christiania, Norway. Dec., 1925. 

Koto, Bunsiro, Tokyo, Japan. Dec., 1923. 

LAcROIx, FRANCOIS ANTOINE ALFRED, Paris, France. Dec., 1923. 

LOEWINSON-LESSING, Franz J., Leningrad, Russia. Dec., 1926. 

MOLENGRAAFF, GUSTAAF ADOLF_ FRrepERIK, Delft. Holland. Dec., 1923. 

Rocers, ARTHUR WILLIAM, Cape Town, South Africa. Dec., 1924. 

Sottas, WILLIAM JoHNSON, Oxford, England. Dec., 1925. 

SEDERHOLM, JAKOB JOHANNES, Helsingfors, Finland. Dec., 1923. 

Tietze, Emit, Vienna, Austria. Dec., 1910. 

Voet, J. H. L., Christiania, Norway. Dec., 1925. 

WALTHER, JOHANNES, Halle-Wittenberg, Germany. Dec., 1926. 

Woopwarp, Six Artutr SmitH, London, England. Deec., 1923. 


FELLOWS 
*Indicates Original Fellows (see article III of Constitution) 


ABRE, CLEVELAND, Jr., 428 East Seneca St., Ithaca, N. Y. August, 1899. 

ADAMS, FraNK Dawson, McGill University, Montreal, Canada. Dec., 1889. 

ApaMs, GreorcE I., University of Alabama, Tuscaloosa, Ala. Dec., 1902. 

ApamMs, Leason H., Geophysical Laboratory, Washington, D. C. Dec., 1922.. 

ADKINS, WALTER S., University of Texas, Austin, Texas. Dec., 1921. 

Atcock, F. J., Geological Survey of Canada, Ottawa, Canada. Dec., 1920. 

ALDEN, WiLt1AM C., U. S. Geological Survey, Washington, D. C. Dec., 1909. 

ALpricH, Henry R., State Geological and Natural History Survey, Madison, 
Wis. Dec., 1927. 

ALpRICH, TRUMAN H., 1026 Glen Iris Ave., Birmingham, Ala. May, 1889. 

ALLAN, JoHN A., University of Alberta, Edmonton, Alberta, Canada. Dec, 
1914. 

ALLEN, EuGENE T., Geophysical Laboratory, Washington, D. C. Dec., 1922. 

ALLEN, R. C, 1202 Hanna Blidg., Cleveland, Ohio. Dec., 1911. 

ALLING, H. L., University of Rochester, Rochester, N. Y. Dec., 1920. 

Ami, Henry M., Victoria Museum, Room 105, Ottawa, Canada. Dec., 1889. 

ANDERSON, FRANK M., 58 Hillcrest Road, Berkeley, Calif. Dec., 1902. 

ANDERSON, Rosert V., Menlo Park, Calif. Dec., 1911. 

AnpreEws, E. C., Geological Survey of New South Wales, Sydney, New South 
Wales, Dec., 1920. 
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Ayrevs, Ernst V., American Geographical Society, Broadway at 156th St., 
New York, N. Y. 

AgNoLD, RALPH, 639 South Spring St., Los Angeles, Calif. Dec., 1904. 

AsH~eEY, GEoRGE Hatt, State Capitol, Harrisburg, Pa. August, 1895. 

Arwoop, WALLACE WALTER, Clark University, Worcester, Mass. Dec., 1909. 

Avrin, Frirz L., Marland Oil Co., Ponea City, Okla. Dec., 1925. 

Bacco, RuFUS MATHER, Jr., 7 Brokaw Place, Appleton, Wis. Dec., 1896. 

Bain, H. Foster, c/o Amer. Inst. Mining Engineers, 29 W. 39th St., New 
York, N. ¥. Dee., 1895. 

Baker, MANLEY Benson, School of Mining, Kingston, Ontario. Dec.,*1911. 

BaLDWIN, S. PRENTISS, 11025 East Blvd., Cleveland, Ohio. August, 1895. 

Batt, Max Warre, 1104 First Natl. Bank Bldg., Denver, Colo. Dec., 1924. 

BaLL, SypNeY H., 42 Broadway, New York City. Dec., 1905. 

BancrorT, JoSEPH A., McGill University, Montreal, Canada. Dec., 1914. 

BarsouR, Erwin HINCKLEY, University of Nebraska, Lincoln, Neb. Dec., 1896. 

BarrRET?, LESLIE PARK, C/o Inter-State Iron Co., Jones & Laughlin Bldg., 
Pittsburgh, Pa. Dee., 1923. 

Barton, DonaLp C., Amerada Tetr. Corp., Houston, Texas. Dec., 1921. 

Barton, GeorGE H., Boston Soc. of Nat. History, Boston, Mass. Aug., 1890. 

Bartscu. Paut, U. S. R. D. 3, North Adams, Mass. Dec., 1917. 

BascoM, FLoRENCE, Bryn Mawr College, Bryn Mawr, Pa. August, 1894. 

Basster, Ray Smiru, U. S. National Museum, Washington, D. C. Dec., 1906. 

Bastin, Epson S., University of Chicago, Chicago, Ill. Dec., 1909. 

BaTEMAN, ALAN Mara, Yale University, New Haven, Conn. Dec., 1916. 

Baver, CLypE Max, P. O. Box 972, Amarillo, Texas. Dec., 1923. 

BayLtey, Wit11AM S., University of Illinois, Urbana, Ill. Dec., 1888. 

Bean, Ernest F., Wisconsin Geological and Natural History Survey, Madi- 
son, Wis. Dee., 1926. 

BEEDE, JosHuA W., 306 S. Washington St., San Angelo, Texas. Dec., 1902. 

BerkLy, ALBERT L., 1106 Cosden Bldg., Tulsa, Okla. Dec., 1925. 

BeLL, WALTER A., Victoria Memorial Museum, Ottawa, Canada. Dec., 1923. 

Benson, W. N., University of Otago, Dunedin, New Zealand. Dec., 1919. 

BerKEY, CHarLes P., Columbia University, New York, N. Y. August, 1901. 

Berry, EpwarD WILBER, Johns Hopkins University, Baltimore, Md. Dec., 1909. 

Bevan, ArTHuR C., University of Illinois, Urbana, Ill. Dec., 1926. 

Beyer, SAMUEL WALKER, Iowa Agricultural College, Ames, Iowa. Dec., 1896. 

BILLINGSLEY, Pavut, 1027 Continental Natl. Bank Bldg., Salt Lake City, Utah. 
Dec., 1922. 

BLACKWELDER, Exrot, Leland Stanford Jr. University, Stanford University, 
Calif. Dec., 1908. 

BoUTWELL, JoHN M., Natl. Copper Bank, Salt Lake City, Utah. Dec., 1905. 

Bowen, CHartes F., c/o Standard Oil Co., 26 Broadway, New York City. 
Dec., 1916. 

Bowen, N. L., Geophysical Laboratory, Washington, D. C. Dec., 1917. 

Bowie, WiLu1aM, U. S. Coast and Geodetic Survey, Washington, D. C. Dec., 
1919. 

BowMaN, IsalaAH, American Geographical Society, Broadway at 156th St., 
New York City. Dec., 1924. 

Bownocker, JoHN ADAMS, Ohio State University, Columbus, Ohio. Dec., 1904. 
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BraDLey, Wi_mor H., U. 8S. Geological Survey, Washington, D. C. Dee., 1997, 
Branson, Epwin Bayer, University of Missouri, Columbia, Mo. Dec., 1911, 
Bretz, J HARLEN, University of Chicago, Chicago, Ill. Dec., 1917. 
BrigHAM, ALBERT Perry, Colgate University, Hamilton, N. Y. Dec., 1893. 
Brock, REGINALD W., Univ. of British Columbia, Vancouver, B. C. Dec., 1904 
Broperick, T. MONTEITH, Calumet and Hecla Mining Co., Calumet, Mich 
Dec., 1921. 
Broxaw, A. D., 157 Maplewood Ave., Maplewood, N. J. Dec., 1920. 
Brown, Barnum, American Museum of Natural History, New York, N. y. 
Dec., 1910. 
Brown, CHARLES WILSON, Brown University, Providence, R. I. Dec., 1908, 
Brown, JoHN Starrorp, 202 North Joplin St., Joplin, Mo. Dec., 1922. 
Brown, THomas CLacHaAR, Laurel Bank Farm, Fitchburg, Mass. Dec., 1915, 
Bruce, E. L., Queens University, Kingston, Ontario. Dec., 1920. 
Bryan, Kirk, U. S. Geological Survey, Washington, D. C. Dec., 1922. 
BucuHer, W. H., University of Cincinnati, Cincinnati, Ohio. Dec., 1920. 
BuppineTon, A. F., 124 Pyne Hall, Princeton, N. J. Dec., 1919. 
BUEHLER, HENRY ANDREW, Rolla, Mo. Dec., 1909. 
Burcuarp, FE. F., U. S. Geological Survey, Washington, D. C. Dec., 1920. 
Buriine, LANCASTER D., Vassar College, Poughkeepsie, N. Y. Dec., 1917. 
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SESSION OF THLE CORDILLERAN SECTION 


The Cordilleran Section of the Geological Society of America held 
its twenty-sixth annual meeting at the Department of Geology, Uni. 
versity of California at Los Angeles, California, on January 28 and 29, 
1927, in conjunction with the Pacific Coast Branch of the Paleontolog. 
ical Society of America and the Branner Geological Club. 


ELECTION OF OFFICERS 
The following officers served at the 1927 meeting: 


Chairman, WiLL1AM J. MILLER 
Secretary, JoHN P. BUWALDA 
Councilor, Witt1aAmM 8S. W. Kew 


PRESENTATION OF PAPERS 


The meeting was called to order at 2.30 p. m., on January 28, by 
the Chairman, William J. Miller, and during the afternoon and the 
succeeding forenoon and afternoon the following papers were presented: 


DISSECTED FAULT-SCARP OF THE WASATCH RANGE, UTAH 
BY WILLIAM MORRIS DAVIS 
Presented extemporaneously. Discussed by T. Wayland Vaughan 
and Francis Vaughan. 
ORIGIN OF THE DESERT BASINS OF SOUTHWEST UNITED STATES 
BY ELIOT BLACKWELDER 
(Abstract) 


The basins and ranges of Nevada and adjacent States have long been re 
garded as formed directly by block faulting, the elevated parts having been 
somewhat eroded and the depressions correspondingly filled with thick. 
gravelly deposits which were swept in by torrents. Modifications of this 
earlier view recognize the widening of the structural troughs by stream 
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erosion after faulting has ceased. Thus the elevated block way have been 
largely consumed and a rock plain veneered with gravel may now border the 
earlier fault basin, already full of debris. On the other hand, it is held 
by a few geologists that the basins have been excavated largely by the wind. 

In this paper it will be shown that, whatever their origin, most of the 
desert basins are features of excavation, and that they do not contain much 
young stream detritus. Typical examples will be described. The visible 
topographic forms on both mountains and plains have been carved largely by 
stream erosion on a heterogenous rock mass in which there are many old 
faults. Topography believed to be due- to block faulting appears locally 
along the western border of the province, but elsewhere it seems to be rare. 
Qn the other hand, topographic forms caused by eolian abrasion are recog- 
nized in but few places. 

Deep and extensive erosion by streams implies the disposal of correspond- 
ingly large amounts of detritus; yet only a small part of the latter now re- 
mains in the basins. Its removal is the most serious problem. The solution 
js not yet obvious; but two hypotheses, already suggested in different form 
by other writers, seem worthy of consideration: 

(1) The detritus has been carried to the sea in an earlier period by river 
systems such as the Colorado; but these drainage lines have been generally 
dismembered by late Pleistocene warping, faulting, or by volcanic outflows ° 
or obstructing fans, and their valleys thus converted into centripetal basins. 

(2) Most of the detritus has been slowly reduced to dust and in that form 
exported by the wind, while torrents carved the canyons, widened the re- 
entrants in the mountain border, and graded the smooth surface of the basin. 
The writer finds the latter view most accordant with the facts. 

In any case climatic changes and diastrophic movements have complicated 
the history of the region. 


Discussed by W. J. Miller, W. M. Davis, J. P. Buwalda, R. T. Hill, 
A. 0. Woodford, Francis Vaughan, and Robert Anderson. 
STUDIES IN THE TECTONICS OF THE COAST RANGES OF CALIFORNIA 


BY BRUCE L. CLARK 
Remarks by Messrs. Reed, Fox, and Buwalda. 


ORIGIN OF NORMAL FAULTS 
BY CHESTER W. WASHBURNE 
(Abstract) 


Most normal faults are produced by shear arising from compression rather 
than from tension. The upthrown side is the more active. The footwall 
rises more than the hanging wall, slipping up under the latter in a series of 
discontinuous small jerks of high velocity, separated by periods of apparent 
repose during which new strain accumulates. The sudden motion arises 
from the release of elastic strain, the release being greater along the foot- 
wall, causing the rock to act like a hammer, striking sharp blows directed 
mainly upward along the footwall. The causal force is inclined less than 
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the resulting break and at some distance away it may be horizontal. The 
faults originate at depth and curve upward toward the surface, the curyg. 
| ture being concave toward the upthrown sides. Isolated complete faults 
are concave toward the upthrow, also in horizontal plan. 

Faults intimately associated with anticlines were produced by the com. 


pression that made the anticlines. Vertical “block-faulting’ probably is 
misconception, the important consideration being the concentration of energy 
| near the fault rather than the massive action of great blocks. “Graben” 
: and “horsts” are best explained as the result of the underground or the over. 


head intersection of faults upthrown on opposite sides and at different times. 
Different periods of faulting must be assigned to faults that differ much 
in trend or that are upthrown on opposite sides. The faults of a region that 
have the same trend and that are upthrown on the same side are coeval, 
The same faulting stress affected wide areas, producing nearly parallel 
faults all upthrown on the same side, including minute as well as major 
displacements. “Drag” was formed mainly during the accumulation of strain 
rather than at the time of the quick slips. 





Remarks by Messrs. Clark, Buwalda, and F. Vaughan. 


LATEST JURASSIC AND EARLIEST CRETACEOUS 
BY C. H. CRICKMAY 
(Abstract) 


The latest Jurassic marine sediments in North America, north of Mexico, 
are of the Argovian and Kimmeridgian ages. Six zones are now recognized. 
Considerable time, the history of which is obscure, elapsed between the dates 
of our latest Jurassic and our earliest Cretaceous deposits. Four zones can 
now be discerned in the latter. 


Discussed by B. L. Clark. 
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BY ROBERT T. 





HILL 






(Abstract) 






(1) The Edwards limestone of the Texas and Mexican regions, which 
sustains the physiography of the Edwards Plateau and highland of the 
Mexican Plateau. 

2) The Permian limestone of the plateaus and ranges of trans-Pecos, 
Texas, and New Mexico and of Arizona. 

(3) The Tertiary effusives of trans-Pecos, Texas, the Mogollons, and the 
western Sierra Madre of Mexico. 
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TRANSCONTINENTAL STRUCTURAL DIGRESSION 
BY ROBERT T. HILL 
(Abstract) 


The normal directions of the continental trends of the North American 
continent are northerly (northeast, north, and northwest directions), as re- 
fected by various mountain systems of different ages. A conspicuous excep- 
tion to this rule is found along a narrow belt or zone which extends in 
nearly east-west (south of east, north of west) directions, between the west 
end of the Channel Islands of California and the northeast end of Porto 
Rico and the Virgin Islands, along which there are great structural features, 
mostly fault-scarps, some of which constitute important geologic and geo- 
graphic boundaries. The principal members of this zone are: (1) The great 
Anacapa fault-scarp, which runs in an east-westerly direction nearly across 
southern California, along the south sides of the Anacapa Islands; the Santa 
Monica Range; the south side of the Sierra Madre and probably across the 
desert side of southern California, where topographic data are lacking. (2) 
The great south scarp of the Colorado Plateau, through Arizona and New 
Mexico, which is a boundary between the high plateau country on the north 
and the Mexican Plateau region of lost ranges and bolson valleys on the 
swuth. (3) The south scarp of the Diablo Plateau in the trans-Pecos Region 
of Texas, which likewise separates the higher plateaus of the north from 
the lost ranges and bolson deserts of the Mexican Plateau to the south. 
(4) The east-west portions of the cones fault-zone, from near San Antonio, 
Texas, westward into Mexico, which separates the south edges of the plateau 
of the Great Plains on the north from the ranges of the Mexican Plateau 
and the Rio Grande embayment. (5) The Rio Grande embayment, which 
is a structural trough which leads south of eastward into the synclinal 
trough of the Gulf of Mexico. (6) The axial trough of the Gulf of Mexico 
(but little known) ; and (7) the great fault-scarp north of the Great Antilles. 

This line of transverse structures, although apparently disconnected in 
places and varying somewhat in detail in its different parts, is practically 
rotational. It is a zone of depression, with downthrow to the south in its 
course across the United States, where it constitutes a natural geographic 
boundary between the features peculiar to the United States and those 
characteristic of the Mexican region. Across the Coastal Plain of Texas 
and into the Gulf of Mexico it apparently constitutes a synclinal trough. 
To the east it again develops into a fault-scarp along the eastern half of 
the Great Antilles, but with the downthrow to the north. Indications of 
two somewhat similar but less well known parallel transgressions through 
Honduras and Panama are suggested. 

Hypothetic explanations are suggested based upon theories of flotational 
ind torsional movements. The age of the feature dates back into the Ter- 
tiary, with evidences of Pleistocene rejuvenation in California. 


Brief remarks were made by B. L. Clark. 
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CALCAREOUS ALG# IN PACIFIC COAST LIMESTONES 
BY RICHARD N. NELSON AND HUBERT G. SCHENCK 


(Abstract) 


The presence of Lithothamnion in a Quaternary formation on San Clemente 
Island has been reported by W. S. Tangier Smith (1896) and calcareous alge 
were noted by Diller (1901) in an Oregon Eocene limestone. Lithothamnion 
is recognized also in Eocene limestones of the Santa Ynez Mountains, Califor. 
nia, and near Dallas, Oregon. Boulders of similar limestone have been ¢ol- 
lected from the conglomerates of the Sespe and Pico formations of the Ven. 
tura district, California. 

In a discussion of the morphology of the fossil forms, it is shown that 
fragments of the thallus are preserved, and that conceptacles for reprodue- 
tive bodies may be distinguished. 

Recent red alge are important reef-builders. If modern views are ae- 
cepted, most of them are limited, while living, to shallow water. This, to- 
gether with other evidence, points to the conclusion that the Eocene lime- 
stones “containing these calcareous alge were deposited in warm, shallow 


water. 
Discussed by William M. Davis. 


CLOUD-BURST OF APRIL 4, 1926, ON SAN GABRIEL PEAK, LOS ANGELES 
COUNTY, CALIFORNIA, AND ITS EROSION EFFECTS 


BY JOHN E. WOLFF 
(Abstract) 


San Gabriel Peak (6,150 feet) is the dominant summit of the western part 
of the San Gabriel Mountains on the southern, or Pacific, side and, with 
lower peaks continuing its ridge westward, forms the watershed between 
the west fork of the San Gabriel River and tributary streams flowing down 
the north slope and between other streams flowing directly down the south 
slope to the ocean. It has a heavy precipitation: 82 inches in 1921-1922; 
50 inches in 1925-1926; normal is about 40 inches. A branch of the west 
fork heads in a gap just west of the peak and descends the steep slope for 
a mile to its junction with the former. Opid’s Camp is situated here and 
contains three rain-gauges, two self-recording. On April 4, 1926, after a 
gentle drizzle through the earlier part of the night, at 3.30 a. m. one inch 
was recorded the first minute, 0.63 inch the second, and 10.46 inches in ten 
hours. For the first two hours a mass of water with a maximum cross- 
section of 25 by 25 feet rushed down this branch, starting from the cliffs 
below the above gap, enlarging the gravel banks of the lower ravine to the 
cross-section just mentioned, rolling down thousands of tons of boulders, 
large and small, and depositing part of them in a great rampart a few feet 
above the junction with the west fork; great logs were left stranded across 
from bank to bank and the bedrock under the banks scoured of loose mate 
rial. Boulders weighing as much as 17 tons and well known to people at 


the camp were carried long distances. 


Discussed by Harry Johnson and William M. Davis. 








heute 
alge 
nnion 
lifor- 
a col- 
Ven- 


that 
odue- 


@ ac- 
S, to- 
lime- 
allow 


JES 


r feet 
\CTOSS 
mate- 
le at 








TITLES AND ABSTRACTS OF PAPERS 267 


GEOLOGIC SKETCH OF SANTA ROSA ISLAND, VENTURA COUNTY, CALIFORNIA 
BY WILLIAM Ss. W. KEW 
(Abstract) 


Santa Rosa Island, one.of the Santa Barbara Islands lying off the coast 
of southern California, is composed largely of sedimentary rocks ranging in 
age from Cretaceous to Recent, together with postmiddle Miocene intrusive 
and extrusive volcanics. The character of the strata indicates that it is 
cosely allied to the mainland in Los Angeles and Ventura counties. The 
other islands of this group differ from it, in that they are formed mainly 
of yoleanie rocks. The group as a whole probably represents a westward 
submerged part of the Santa Monica Mountains. 


Discussed by B. L. Clark and A. O. Woodford. 


CURRENT GEOLOGICAL INVESTIGATIONS IN JAPAN 


BY T. WAYLAND VAUGHAN 


PRELIMINARY NOTES ON THE GEOLOGY OF THE ELSINORE VALLEY 
BY RENE ENGEL 
(Abstract) 


The Elsinore Valley is a down-faulted trough, not of the simple “graben” 
type, but divided lengthwise into several blocks by a system of faults. Physio- 
graphic evidence clearly indicates that movements on some of these faults 
have occurred until recent times. 


NATURE OF CERTAIN FAULT-SCARPS IN MIDDLE CALIFORNIA 


BY JAMES P. FOX 


STRUCTURAL FEATURES OF COASTAL SOUTHERN CALIFORNIA 
BY FREDERICK P. VICKERY 
(Abstract) 


Coastal Southern California is divided into three structural provinces: 
northwesterly structures north of Santa Maria, east-west between Santa 
Maria and Los Angeles, and northwest south of Los Angeles. Structures 
blend in the basin at the acute angle between the first two and come to- 
gether in a fault zone at the obtuse angle between the second and third. 
The direction of folding shows the direction of compression. There is evi- 
dence of movement between blocks, of resolution of forces at fault-planes, 
and compression in blocks. Folding in general trends northwesterly, but 
where movement on faults is possible some folds almost parallel the faults, 
and others, particularly in the ranges southwest of Los Angeles, trend almost 
across the blocks. Between the northern and the central province the blocks 
are intermeshed, but between the southern and the central there is a sharp 
‘ine of demarcation. 


Discussed by B. L. Clark and Ralph Arnold. 
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COMPARISON OF CERTAIN ASPECTS OF TERTIARY HISTORY IN WESTERY 
AMERICA AND CENTRAL ASIA 


BY RALPH W. CHANEY 
Discussed by Robert Anderson. 
AGE OF THE SESPE FORMATION 
BY CHESTER STOCK AND E. L. FURLONG 
Discussed by Messrs. Kew and Vickery. 


BLACKHAWK CANYON, SAN BERNARDINO MOUNTAINS, 
CALIFORNIA 


GEOLOGY OF 


BY A. 0. WOODFORD AND T. F. HARRIS 
(Abstract) 


In Blackhawk Canyon Paleozoic limestone is thrust over granite gneiss, 
which in turn is thrust over Tertiary sediments. Landsliding has pro 
duced an extensive Pleistocene or Recent limestone breccia. 


Presented extemporaneously by A. O. Woodford. 
PRESENT STATUS OF THE SEISMOLOGICAL PROGRAM IN SOUTHERN 
CALIFORNIA 


BY H. 0. WOOD 


Read by title in the absence of the author. 


EVIDENCE OF A THIRD GLACIAL EPOCH IN THE SIERRA NEVADA 


BY ELIOT BLACKWELDER 
(Abstract) 


Although four or five glacial epochs have long been recognized in the 
Mississippi Valley and three in the Rocky Mountains, only two have thus 
far been distinguished in California. On a recent visit to the Mono Lake 
district, on the east side of the Sierra Nevada, the writer found glacial 
drift that appears to be still older than the two sets of moraines already 
known. It has lost all trace of glacial topography. 


EXPERIMENTS IN SHEAR-ZONE FOLDING 
BY HOWARD W. KITSON 


(Abstract) 


A dynamic analysis of certain stress-strain relationships in which folds 
Materials were selected to duplicate sup 
posed zones of variable plastico-rigidity. Investigation is confined to that 
condition of stress where shear and lateral compression act as unit com- 


are reproduced experimentally. 
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ponents of a single external stress. The principal conclusions are: (1) 
The direction of causal stress may be inferred from the angle made by 
folds en échelon to the trend of the system. (2) Several distinct classes of 
shearing stress may develop as a result of variations in relative tensile and 
compressive resistances; and (3) The angle of folds varies with the class 
of shear effected, but in all cases the rotation of folds is small compared 
to the detrusion of a section normal to the shear zone. 


GEOMORPHOGENY OF THE SOUTHWESTERN SAN GABRIEL MOUNTAINS 
RY WILLIAM J. MILLER 


(Abstract) 


The San Gabriel Range is, in general, a great fault-block which has been 
uplifted since relatively late Tertiary time. This great block consists of 
many secondary fault-blocks, both large and small, especially in its north- 
eastern and southwestern portions. These minor blocks have been variously 
uplifted and tilted, and the faulting has more or less strongly influenced 
the topographic development. 

The main events in the physiographic history of the southwestern portion 
of the range seem to be as follows: 

1. Folding, intrusion of igneous rocks, and uplift in late Jurassic or earlier 
time. i 

2, Profound erosion from early Cretaceous to rather late Tertiary time, 
during which the range was reduced to the condition of early old age and 
thick sediments were deposited on its sides. 

3. Beginning of the uplift of the great San Gabriel fault-block, together 
with its minor blocks, in late Tertiary time, reaching a maximum of 4,000 
to 6,000 feet in Quaternary time. 

4. Acceleration of erosion by the uplifting process and the deposition of 
much more sediment on the south side of the range. 

5. Dissection of the uplifted mass by erosion to the condition of late youth 
or early maturity, with accompanying development of extensive alluvial 
fans. 

6. Rejuvenation, probably by uplift, of 200 to 300 feet. 

7. Cutting of inner gorges by the revived streams and renewed alluvial- 
cone building. 

8. Change of climate to more humid, and trenching of the alluvial cones 
and fans to a depth of about 100 feet. 

9. Change of climate to more arid, and partial refilling of the trenches 
in the cones. 


GEOLOGICAL FEATURES OF THE JOHN DAY REGION, EASTERN OREGON 
BY JOHN P. BUWALDA 


(Abstract) 


The main features of the geology of the John Day region were described 
in able fashion by J. C. Merriam twenty-five years ago. Detailed areal 
mapping and structural and physiographic studies now in progress in the 
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COMPARISON OF CERTAIN ASPECTS OF TERTIARY HISTORY IN WESTERY 
AMERICA AND CENTRAL ASIA 


BY RALPH W. CHANEY 
Discussed by Robert Anderson. 
AGE OF THE SESPE FORMATION 
BY CHESTER STOCK AND E. L. FURLONG 
Discussed by Messrs. Kew and Vickery. 


CANYON, SAN BERNARDINO MOUNTAINS, 
CALIFORNIA 


GEOLOGY OF BLACKHAWK 


BY A. 0. WOODFORD AND T. F. HARRIS 
(Abstract) 


In Blackhawk Canyon Paleozoic limestone is thrust over granite gneiss, 
which in turn is thrust ever Tertiary sediments. Landsliding has pro- 
duced an extensive Pleistocene or Recent limestone breccia. 


Presented extemporaneously by A. O. Woodford. 


PRESENT STATUS OF THE SEISMOLOGICAL PROGRAM IN SOUTHERN 
CALIFORNIA 


BY H. 0. WOOD 


Read by title in the absence of the author. 


EVIDENCE OF A THIRD GLACIAL EPOCH IN THE SIERRA NEVADA 
BY ELIOT BLACK WELDER 
(Abstract) 


Although four or five glacial epochs have long been recognized in the 
Mississippi Valley and three in the Rocky Mountains, only two have thus 
far been distinguished in California. On a recent visit to the Mono Lake 
district, on the east side of the Sierra Nevada, the writer found glacial 
drift that appears to be still older than the two sets of moraines already 
known. It has lost all trace of glacial topography. 


EXPERIMENTS IN SHEAR-ZONE FOLDING 
BY HOWARD W. KITSON 


(Abstract) 


A dynamic analysis of certain stress-strain relationships in which folds 
Materials were selected to duplicate sup 
Investigation is confined to that 


condition of stress where shear and lateral compression act as unit com- 


are reproduced experimentally. 
posed zones of variable plastico-rigidity. 
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ponents of a single external stress. The principal conclusions are: (1) 
The direction of causal stress may be inferred from the angle made by 
folds en échelon to the trend of the system. (2) Several distinct classes of 
shearing stress may develop as a result of variations in relative tensile and 
compressive resistances; and (8) The angle of folds varies with the class 
ef shear effected, but in all cases the rotation of folds is small compared 
to the detrusion of a section normal to the shear zone. 


GEOMORPHOGENY OF THE SOUTHWESTERN SAN GABRIEL MOUNTAINS 
BY WILLIAM J. MILLER 


(Abstract) 


The San Gabriel Range is, in general, a great fault-block which has been 
uplifted since relatively late Tertiary time. This great block consists of 
many secondary fault-blocks, both large and small, especially in its north- 
eastern and southwestern portions. These minor blocks have been variously 
uplifted and tilted, and the faulting has more or less strongly influenced 
the topographic development. 

The main events in the physiographic history of the southwestern portion 
of the range seem to be as follows: 

1. Folding, intrusion of igneous rocks, and uplift in late Jurassic or earlier 
time. : 

2. Profound erosion from early Cretaceous to rather late Tertiary time, 
during which the range was reduced to the condition of early old age and 
thick sediments were deposited on its sides. 

3. Beginning of the uplift of the great San Gabriel fault-block, together 
with its minor blocks, in late Tertiary time, reaching a maximum of 4,000 
to 6,000 feet in Quaternary time. 

4. Acceleration of erosion by the uplifting process and the deposition of 
much more sediment on the south side of the range. 

5. Dissection of the uplifted mass by erosion to the condition of late youth 
or early maturity, with accompanying development of extensive alluvial 
fans. 

6. Rejuvenation, probably by uplift, of 200 to 300 feet. 

7. Cutting of inner gorges by the revived streams and renewed alluvial- 
cone building. 

8. Change of climate to more humid, and trenching of the alluvial cones 
and fans to a depth of about 100 feet. 

9. Change of climate to more arid, and partial refilling of the trenches 
in the cones. 


GEOLOGICAL FEATURES OF THE JOHN DAY REGION, EASTERN OREGON 
BY JOHN P. BUWALDA 


(Abstract) 


The main features of the geology of the John Day region were described 
in able fashion by J. C. Merriam twenty-five years ago. Detailed areal 
mapping and structural and physiographic studies now in progress in the 
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Mitchell and Picture Gorge quadrangles are furnishing extensive additiona} 
evidence corroborating these earlier views. 

The formations are a pre-Cretaceous crystalline complex; the Chico, Upper 
Cretaceous; the Clarno, probably Oligocene; the John Day, Upper Oligocene; 
the Columbia lavas, Middle Miocene; the Mascall, Middle or Upper Miocene; 
and the Rattlesnake, Pliocene. Of these only the Chico Cretaceous is marine 
in origin. 

The detailed mapping has brought forth very clear evidence, usually of 
several kinds, indicating nonconformity between the Chico and the pre 
Cretaceous, the Clarno and the Chico, the Columbia lavas and the John 
Day, and the Rattlesnake and the Mascall. Additional evidence for cop. 
formity of the Mascall on the Columbia lavas has been secured. 

The Columbia lavas are somewhat uniqnve in this region in the large frae. 
tion which fragmental igneous materials constitute in the section. The 
fissure origin of the lavas is demonstrable at numerous localities. 

Faulting of normal type, but generally east-west trend, occurred in post- 
Mascall pre-Rattlesnake time, but has continued in post-Rattlesnake time. 
The main features of the physiography have been developed through fold- 
ing, however; their east-west trend contrasts rather sharply with the domi- 
nantly meridional axial directions of the greater ranges to the east and 
west. 


Read by title because of lack of time. 


ANNUAL DINNER 


The annual dinner was given at the Mary Louise Restaurant, in Los 
Angeles, under the auspices of the Branner Club. Approximately 
eighty Fellows and guests participated. Prof. William M. Davis related 
many interesting anecdotes regarding G. K. Gilbert and J. W. Powell, 
two geologists who contributed greatly to early knowledge of the West. 
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SESSION OF SEcTION E 


Section E of the American Association for the Advancement of 

f Science held a series of meetings in Nashville, Tennessee, December 
27 and 28, 1927. The Chairman of Section E for the year 1927 was 
Charles Schuchert, who was also a Vice-President of the American 
Association. The retiring Chairman was George H. Ashley. His ad- 
dress was read at the joint dinner of Section E with the Association of 
American Geographers. This address, entitled “Geology and the world 

at large,” has been published elsewhere. ? 

1 The following papers were read at the meeting by Fellows of the 

| Geological Society of America and invited guests: 


TITLES AND ABSTRACTS OF PAPERS BY FELLOWS OF THE GEOLOGICAL 
SOCIETY OF AMERICA AND INVITED GUESTS 


j SYMPOSIUM ON THE MESOZOIC-CENOZOIC STRATIGRAPHY OF THE 
GULF STATES 

vat GEOLOGY OF FLORIDA 

BY HERMAN GUNTER AND J. H. C. MARTENS 


(Abstract) 


‘a The entire State of Florida is in the Coastal Plain; since there has been 
wl only a small uplift after the deposition of the sediments, the elevation is low 
and the relief slight. 

Formations from the Upper Eocene to Recent are exposed at the surface 
and their distribution is shown on the map (exhibited). In the older 
formations, from the Ocala limestone of Eocene age to the Tampa limestone 
of Lower Miocene, marine limestones predominate. The materials of the 
; younger formations and the conditions of deposition indicated by their physi- 
yy cal characteristics and fossil content are more varied. The Alum Bluff group 
of the Miocene consists of sand and clay with a lesser amount of limestone. 
Its fossils and the sediments themselves indicate shallow water marine condi- 
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tions. In the Pliocene. Pleistocene, and Recent, both fresh water and marine 
deposits are well known. 

In general, sands gre more abundant and thicker in the northern and north- 
western part of the State, while limestones and marls have been deposited 
more extensively farther to the south. 

Between the Ocala limestone and the Tampa limestone, and between the 
Chipola formation and the Choctawhatchee marl, there are important strati- 
graphic breaks which are indicated primarily by the fossil content of the beds, 
since the discordance in dip is slight. Disconformities between the Pliocene 
and Pleistocene and tie older formations on which they rest have been 
observed at many localities. 

No faults, except those caused by slumping, are known in Florida, and the 
folds are very broad, with gentle dips, indicating slight inequalities of uplift. 
A generalized section from east to west was exhibited to show the structure 
of the northern part of the State. 

The present-day topography of the low coastal regions of Florida is princi- 
pally the result of marine and eolian deposition in Pleistocene times, with 
yery little subsequent erosion, while the topography of much of the higher 
areas is determined by underground solution of limestone rather than erosion 
by surface streams, 


MESOZOIC AND CENOZOIC FORMATIONS OF GEORGIA 
BY S. W. MC CALLIE 
(Abstract) 


The speaker discussed in a general way the minor subdivisions of these 
formations, including their distribution, general character, thickness, etcetera, 
together with transgressions and retreats. 


GEOLOGY OF THE COASTAL PLAIN OF*ALABAMA 
BY WALTER B. JONES 
(Abstract) 


The Coastal Plain of Alabama is made up of beds of Upper Cretaceous and 
Tertiary age, resting unconformably on crystalline rocks in the east and 
Paleozoic rocks in the west. The Upper Cretaceous beds are about 2,500 
feet thick, and are sand, clays, and impure limestones. The formations are, 
in ascending order, Tuscaloosa, Eutaw, Selma chalk, and the Ripley. The 
Tertiary beds are Eocene, Oligocene, Miocene, Pliocene, and Pleistocene, rep- 
resenting about 3,000 feet of sands, clays, glauconitic sands, buhrstone, and 


limestone. The Tertiary beds comprise some of the most celebrated fossil 


horizons in the world, such places as Claiborne Landing, Bells Landing, 
Greggs Landing, and scores of others affording myriads of fossils perfectly 
preserved. 
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STRATIGRAPHY OF MISSISSIPPI 
BY E. N. LOWE 
(Abstract) 


Mississippi lies wholly within the Coastal Plain, although rocks of Missis. 
sippian age are exposed in valleys in the northeastern corner of the State, 
and Pennsylvanian beds have been encountered in deep wells. The Upper 
Cretaceous, or Gulf Series, lies unconformably on the Paleozoics. Fresh. 
water clays, sands, and gravel ranging in thickness from 270 feet to at least 
1,250 feet make up the Tuscaloosa formation at the base of the series. The 
overlying Eutaw formation is probably marine throughout, and likewise the 
Selma chalk, 350 to 1,200 feet thick. The Gulf Series ends with the Ripley 
formation. 

The Eocene marine Midway group, consisting of the Clayton limestone, the 
Porters Creek clay, and the Tippah sandstone, is overlain by the nonmarine 
Wilcox group, which is divided into the Ackerman gray clays and lignites, 
the Holly Springs sands, and the Grenada clays. The Naheola and Bashi 
formations of Alabama, both marine, extend a short distance into Mississippi, 

The Claiborne group is divided into the Tallahatta formation at the base, 
the glauconitic Winona sand, Kosciusko sandstone, and Wautubbee mari, 
which make up the Lisbon formation, and the sandy, lignitic, and clayey Yegua 
formation. The Jackson formation contains two members, the Moody's 
Branch marl at the base and the Yazoo clay above. 

The Oligocene Vicksburg group includes the nonmarine Forest Hill sand 
and the marine Red Bluff clay at the base, the Marianna limestone, the Glen- 
don limestone, and the Byram marl. 

The Miocene formations are the Catahoula sandstone, the Hattiesburg clay, 
and the Pascagoula clay. A blanket formation of sand and gravel (Citronelle 
formation of Matson) is of Pliocene age. 

Pleistocene sands and clays border the Gulf coast and dip seaward. The 
bluffs bordering the delea are capped by wind-blown loess. 

Recent alluvium covers the floodplains of the Mississippi and other rivers. 


GEOLOGY OF THE GULF COASTAL PLAIN OF ARKANSAS AND LOUISIANA 


BY W. C. SPOONER 
(Abstract) 


The coastal plain of Arkansas and Louisiana makes up a complete segment 
of the Gulf Coastal Plains province. It is underlain by a series of sedimentary 
formations, made up chiefly of sands, clays, chalks, and limestone, but con 
taining subordinate beds of anhydrite, salt and water-laid volcanic material. 
It is of more than usual interest, owing to its position between two major 
embayments—the Mississippi and the East Texas embayments—which have 
influenced the sedimentation and the structure. 

The stratigraphy was summarized with particular emphasis on the relation 
ship between the beds exposed at the surface and their subsurface equivalents 
as revealed in deep wells. The regional structure was described and local 
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structural features, ranging from the small salt-dome structures to the 
proad Sabine uplift, were pointed out. The more important events in the 
geologic history were described. 


MESOZOIC AND CENOZOIC FORMATIONS OF TEXAS AND SOUTHEASTERN 
OKLAHOMA 
BY E. H. SELLARDS 
PALEOGEOGRAPHY OF NORTH AMERICA DURING THE TRIASSIC AND 
JURASSIC 
BY CHARLES SCHUCHERT 
(Abstract) 


By means of lantern slides the speaker showed how the widespread 
Paleozoic seas passed away and gave rise to extensive land conditions, begin- 
ning with the Permian and attaining greatest expanse during the Triassic and 
Jurassic. The Gulf of Mexico began to appear with the Upper Cretaceous. 


MAJOR MARINE TRANSGRESSIONS AND REGRESSIONS, AND STRUCTURAL 
FEATURES 
BY L. W. STEPHENSON 


(Abstract) 


The paper briefly outlined the geologic history of the Gulf Coastal Plain 


from pre-Cretaceous time, when the area was a peneplained surface underlain 
by more or less folded and beveled Paleozoic and pre-Paleozoic rocks, through 
Cretaceous, Tertiary, and Quaternary time, when the area underwent a suc- 
cession of depressions and uplifts, with corresponding periods of marine 
inundation and emergence. 

During the periods of submergence sediments were deposited in the sea, 
which were only partly removed by erosion during the succeeding periods of 
emergence, and each invasion of the sea thus contributed to the upbuilding of 
the wedge of sediments which compose the Coastal Plain as it now appears. 

The relative thinness of the mass of Coastal Plain sediments, which form a 
mere veneer over the basement rocks of the area, was stressed. 

The more conspicuous structural features of the area were briefly described. 
The Coastal Plain sediments have been successively tilted toward the coast, 
forming a very gentle monocline. The sediments have been broadly warped 
at right angles to the trend of the Coastal Plain, and gentle warping of this 
type has produced the Florida arch, the Chattahoochee arch, the Missis- 
sippi embayment, the Monroe and Sabine uplifts, the east Texas embayment, 
the Llano uplift, and the Rio Grande embayment. Lesser folds have been 
superimposed on the broader ones, among which may be mentioned the 
Hatchetigbee anticline in Alabama, the Jackson monoclinal nose in Missis- 
sippi, the Preston anticline, the San Antonio monoclinal nose, the Culebra 
monoclinal nose, the Uvalde uplift, and the Picoso monoclinal nose in Texas. 
Faulting caused in part by the load of sediments in the Coastal Plain, in 





SS 
so = 








276 PROCEEDINGS OF SECTION E 


part by a positive upward movement in the Llano district, and in part by 
gravitational settling and readjustment of the sediments, has produced thy 
Balcones and the Mexia-Powell fault zones and a multitude of lesser fay, 
in the area. 


LOWER CRETACEOUS OR COMANCHE SERIES 
BY T. W. STANTON 


(Abstract) 


The Comanche series was concisely described in its typical development jy 
central Texas, where three groups are recognized: (1) the Trinity group 
the base, consisting of the Travis Peak formation, which is largely arenaceoy 
and conglomeratic, overlain by the Glen Rose limestone, which farther north 
is overlain by the Paluxy sand; (2) the Fredericksburg group beginning with 
the Walnut clay, which is overlain successively by the Comanche Peak lime 
stone and the Edwards limestone; (3) the Washita group consisting of the 
Georgetown limestone at the base, the Del Rio clay, and the Buda limestone. 
These rocks were deposited in a sea which transgressed the land from the 
south, so that while its northern margin was in southern Oklahoma ani 
southwestern Arkansas in Trinity time and probably was not much shifted 
while the Fredericksburg was being deposited before the close of the Washit, 
it was extended as far north as middle Kansas and reached westward beyond 
the western boundaries of Kansas and Oklahoma well into Colorado and New 
Mexico. 

The series as a whole is predominantly limestone in central Texas and 


southward, changes rapidly to shales and sandstones toward the north and 
northwest until limestone is practically absent in the more distant exposures. 
Some of these variations in lithology and the correlations that have been 
established by paleontologie and stratigraphic methods were discussed. 


UPPER CRETACEOUS OR GULF SERIES 
BY L. W. STEPHENSON 


(Abstract) 

The author briefly described the formational units into which the Upper 
Cretaceous or Gulf series in the Gulf Coastal, Plain has been divided, and 
indicated the stratigraphic and age relationships of the formations to each 
other as determined by both biological and physical criteria. These relation- 
ships were graphically illustrated by means of a correlation chart made up of 
columns representing the Upper Cretaceous section in 11 selected parts of the 
Gulf Coastal Plain, and to these were added 4 columns representing the se § 
tions in parts of the Atlantic Coastal Plain. The chart showed the striking 
differences in the succession of formations which make up the series in dif 
ferent parts of the Gulf Coastal Plain. The series as a whole rest uncol- 
formably on older rocks of Lower Cretaceous, Paleozoic, and pre-Paleozoie 
ages and is overlain unconformably by rocks of Midway Eocene and younger 
ages. Tentative correlations of the Gulf series with the Upper Cretaceous of 
Europe were stated and were indicated on the chart. 
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CORRELATION OF THE CENOZOIC DEPOSITS OF THE EASTERN GULF STATES 







BY C. WYTHE COOKE 


(Abstract) 









Equivalent formations, stage by stage, were traced through the Gulf States 
east of the Mississippi. 







TERTIARY FORMATIONS OF TEXAS 







BY JULIA A, GARDNER 
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(Abstract) 






The Tertiary section in Texas is closely related to that of Louisiana, but, 







ler north 

ing with especially in the middle and upper portions, is more dominantly continental 
ak lime. than the time equivalents east of the Mississippi. ; 

g of the The Midway group includes two formations, the lower highly calcareous, 





glauconitic, and fossiliferous, the upper sparsely fossiliferous and made up 
for the most part of fine sandy clays, both the upper and the lower carrying 
abundant and characteristic concretions. 

The Wilcox is essentially continental, not divided in northeast Texas, but 
separated south of the Brazos into the Indio formation, a series of sands, 
sandy clays, and lignites; the Carrizo sandstone, a coarse, often indurated 
sand, and the Bigford formation, a series of bedded sands and lignitic clays 
recognized only along the Rio Grande. Vestiges of the old shoreline may be 
traced in local marine deposits, both in the lower and the upper Wilcox. 

The Claiborne group north of the Colorado includes in the lower portion the 
Cane River, a thin, highly oxidized, and glauconitic marine sand, the non- 
marine Queen City sand, the marine glauconitic Mount Selman formation, and 
the nonmarine “Nacogdoches” sand. South of the Colorado, only the Mount 
Selman has been recognized, and this is lignitic in its southern extent. The 
Cook Mountain formation, a highly glauconitic and fossiliferous marine series, 
is traceable from the Sabine to the Mexican border. The Yegua formation at 
the top of the Claiborne is, in central Texas, dominantly lignitic and selinitic, 
but more argillaceous and very much thicker near the border. 

The Jackson is dominantly nonmarine, though the marine conditions preva- 
lent in Louisiana were continued across the Sabine to the Neches. The non- 
marine sands and clays east of the Brazos included in the “Welborn” sand- 
stone probably cover a shorter time interval than the sands and leaf-bearing 
clays of the Fayette sandstone south of the Brazos, 

The Oligocene may be represented in the Frio clays which conformably 
underlie the Catahoula sands and in the Gueydan formation. 

The Miocene is also nonmarine and includes the Catahoula sandstone, the 
Oakville sandstone, and probably the lower part of the Fleming clays. 

The Pliocene is nonmarine at the outcrop. The upper Fleming clays, the 
Lapara sand, and the Lagarto clay are referred to the lower Pliocene. To the 
upper Pliocene is referred the enormous thickness of Reynosa gravel which 
buried the Coastal Plain south of the Brazos and becomes increasingly heavier 
toward the Mexican border. 
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MIDWAY CORRELATIONS ON THE BASIS OF FORAMINIFERA 


BY F. B. AND H. J. PLUMMER 
(Abstract) 


On the basis of foraminifera, the Midway formation is a very distinet 
faunal unit in the geologic section of the Gulf Coast. A detailed microscopic 
study of its strata across Texas has shown that faunally this series of geqj. 
ments is divisible into three stratigraphic units: a basal zone of yellowish or 
buff-gray clays and glauconiti¢ sands; a middle zone of dark gray clays; and 
an upper zone of sandy clays and silts containing large concretionary boulders, 
The lowest and middle divisions are in some places separated by a limestone 
lentil known as the Tehuacana limestone, and in other places by a layer of 
glauconitic sand. The more gradual transition from the middle clays to the 
upper silts renders precise separation impossible. 

The faunules of the basal and middle units are very distinctive and easily 
recognized throughout the extent of the Midway formation from San Antonio, 
Texas, to central Arkansas. The small assemblage of very common or fre 
quent species in the basal beds is especially characterized by the abundant 
Vaginulina gracilis and the fairly common Cristellaria psuedo-costata, and 
locally by the very abundant C. midwayensis var. carinatu. The middle 
faunule, composed of numerous common forms, is marked particularly by 
Vaginulina robusta, Cristellaria subaculeata var. tuberculata, C. longiforma, 
C. turbinata, Pulvinulina exigue, Lamarckina rugulosa, and several other 
Rotaliidse. The upper silty strata are very sparsely fossiliferous, and only a 
few places have formanifera been observed. The very small groups of species 
of this unit are dominated by three or four arenaceous forms of which a 
small and coarsely sandy Ammobaculites is very distinctive. 

The basal Midway division is correlated tentatively with the lower 125 feet 
of the formation encountered in tests drilled in central Arkansas, with the 
strata below the Clayton limestone of Mississippi and with the lower Clayton 
of Alabama. The middle zone is correlated with the middle 200 feet of the 
Midway formation penetrated by tests in central Arkansas, with the lower part 
of the Flatwood clays of Mississippi, and with the Naheola formation of 
Alabama. The upper poorly fossiliferous strata, so well developed in Texas 
and Arkansas, can not as yet be correlated with formations of the South- 
eastern States. 


CORRELATION ON THE BASIS OF FOSSIL VERTEBRATES 
BY OLIVER P. HAY 


(Abstract) 


The Triassic and the Cretaceous must be passed over with only a mention. 
A few Triassic reptiles have been discovered in Texas. Upper Cretaceous 
deposits are found throughout the region under consideration. Sharks, bony 
fishes, mosasaurian and crocodilian reptiles occur from the Atlantic to the 
Rio Grande. With the Tertiary higher forms of life appeared, especially of 
In the Eocene there came in primitive tapirs, rhinoceroses, and 


¢ 


mammals. 
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three- and four-toed horses; also small camels. In the Oligocene appeared 
titanotheres and piglike animals. The Miocene brought in more progressive 
forms—horses, rhinoceroses, camels, mastodons, and carnivorous species. All 
of these orders made advances during the Pliocene. 

At about the beginning of the Pleistocene a host of mammals entered our 
continent from South America. Most were edentates—huge ground-sloths, 
glyptodons, and armadillos. Another swarm of mammals came in from Asia— 
elephants, bisons, deer, bears, dogs, and cats of existing genera. The new- 
comers, mingling with the native animals, constituted a rich fauna. The 
rigors of four or five glacial stages, perhaps some unfavorable conditions of 
interglacial stages, had disastrous effects on many elements of this fauna, 
so that at the end of the Pleistocene it had become impoverished. All ele- 
phants and mastodons, all saber-tooth tigers, many species of magnificent 
bisons, all camels, many species of dogs, cats, and bears, all but one of many 
peccaries, all tapirs, all horses, and all ground-sloths had disappeared. That 
all of the early fauna lived on until near the Recent and was then suddenly 
deprived of its most conspicuous elements is a biological improbability or 
impossibility. Some of the elephants and mastodons, all of the camels, most 
of the horses, many ground-sloths, all of the glyptodons, are heard of no more 
after the first interglacial epoch. 

Our Pleistocene must, therefore, be divided and correlated, not on the evolu- 
tion of new genera and species, but on the extinction of the earlier ones. 


GENERAL PAPERS 


NATURE AND ORIGIN OF THE “BROWN ROCK” PHOSPHORITES OF TENNESSEE 


BY AUSTIN F. ROGERS 


(Abstract) 


The “brown rock” phosphorites, or so-called phosphate rocks of south-central 
Tennessee, consist largely of the amorphous mineral collophane which has the 
formula 3 Ca,(PO,),.n [Ca(CO,, F,, O)]. (H,O)2, where m is an indefinite 
number varying from 1 to 2.3 and @ is also indefinite. Dahllite, the crystalline 
equivalent of collophane, with the probable formula 3 Ca,(PO,),.CaCO, is 
present in minor amount in some of the phosphorites. 

The “brown rock” phosphorites are formed by weathering and leaching of 
the calcite from phosphatic limestones of Ordovician age. The phosphatic 
limestones are made up of angular to rounded fragments of crinoid stems, 
bryozoans, gastropods (Cyclora), brachiopods, ostracods, and ostracoderms. 
Some of the fragments are entirely calcite, some entirely collophane, but in 
many the network of the crinoid or bryozoan fragment is calcite and the 
interspaces or meshes collophane. This mesh collophane of the first genera- 
tion was doubtless formed while the fragments were being rolled about on 
the sea-bottom before consolidation of the limestone. 

During the formation of the phosphorites the network calcite was gradually 
replaced by collophane of the second generation, which has a slightly different 
refractive index from that of the first generation. The phosphorites contain 
no calcite, although chemical analyses show from 2 to 4 per cent of CO,. 
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At a relatively late stage dahllite was deposited in colloform crusts ang 
occasionally in euhedral crystals, and along with it brown doubly-refracting 
collophane of the third generation sometimes appeared. In some specimens 
the network collophane of the second generation gave place to microcrystalline 
or “fuzzy” dahllite. In all cases dahllite is a secondary mineral of minor 


importance. 
EOCENE AGE OF THE SUPPOSED LATE UPPER CRETACEOUS GREENSAND 
MARLS OF NEW JERSEY 
BY C. WYTHE COOKE AND L. W. STEPHENSON 
GEOGRAPHY, GEOLOGY, AND MINERAL RESOURCES OF SOUTHEASTERN 
IDAHO—A SUMMARY 


BY G. R. MANSFIELD 


GEOLOGY AND GEOGRAPHY IN THE NATIONAL RESEARCH COUNCIL 
BY G. R. MANSFIELD 
(Abstract) 


The author outlined the present organization of the Division of Geology 
and Geography of the National Research Council and briefly reviewed its 
activities during the past year. 
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Session oF Tuurspay, DECEMBER 29 


The members of the Society met Thursday morning, at 9 o’clock, 
with the Geological Society of America, in the Physics Building of Case 
School, for the general introductory program of the latter Society. 

President Parks called the Paleontological Society to order in busi- 
ness session, for its nineteenth annual meeting, at 2 p. m., in the geo- 
logical lecture-room, in Adelbert Hall, Western Reserve University. 
After a few introductory remarks the report of the Council was pre- 
sented. 


REPORT OF THE COUNCIL 


To the Paleontological Society, in nineteenth annual meeting assembled: 


A résumé of the Society’s business, which has been transacted by 
Council meetings during the eighteenth annual meeting, at Madison, 
Wisconsin, and by correspondence, is given in the following reports: 
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REPORT OF THE COUNCIL 


SECRETARY'S REPORT 


To the Council of the Paleontological Soctety: 


The Secretary’s report for the year closing December 27, 1927, in 

brief, is as follows: 
*Meetings.—The Proceedings of the eighteenth annual meeting, held 
at Madison, Wisconsin, December 27-29, 1926, have been published in 
volume 38, number 1, pages 219-244, of the Bulletin of the Geological 
Society of America. 

The Council’s proposed nomination for officers for 1928 was mailed 
to the members in April, 1927, with the announcement of the next 
meeting place of the Society at Cleveland, Ohio, by invitation of the 
Western Reserve University, the Case School of Applied Sciences, and 
the City of Cleveland. 

Membership.—The Society’s loss by death during the year has been 
heavy, for four fellows—Doctor Walcott, Professor Weller, Doctor 
Springer, and Dr. M. W. Twitchell—and two members, Ralph G. Lusk 
and Doctor Dall, have passed on. Three members have resigned and 
seven have been dropped for nonpayment of dues. Eight members have 
just been elected and twenty-one nominations await action. Five mem- 
bers—Messrs. Noé, Stock, Tolmachoff, Trask, and Woodford—have just 
been elected to fellowships in the Geological Society of America. The 
total number of members at the end of 1927, with these changes, will 
be 322. 

Publications—The Proceedings for 1926 and two articles totaling 
sixty-four pages have been published in the Bulletin of the Geological 
Society of America during the year. 

Respectfully submitted, 
R. S. Bassuer, 
Secretary. 
Wasnineton, D. C., December 27, 1927. 


TREASURER’S REPORT 


To the Council of the Paleontological Society: 


The Treasurer begs to submit the following report of the finances of 
the Society for the fiscal year ending with December, 1927: 


RECEIPTS 


Cash on hand December 26, 1926 $1,032.73 
Membership dues collected for 1927..........seeeeeeeees 420.00 
Interest, Connecticut Savings Bank 

: $1,513.60 
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EXPENDITURES 

Secretary's office: 

Beewetary’s AUOSWHMCE. oc ccccccccccccccsesscesvesvecs 

CEE GD ihn he eck ckccddwdietawesdnseebedépeadbedens 

Ce MOS ob. 6c be eS hnmbeevesceciences ine eee at 
Treasurer's office : 

Treasurer's allOWANCE ......ceeeeeeecees G cccccccces 
Publication : 

Geological Society of America, Bulletin, reprints, pages 


BEE stacés ancestinnssaseccotocpaeeenes eres 
Geological Society of America, Bulletin, reprints, pages 
DE --cdnersinabeneieaadetanenwacas iia een eed 
Geological Society of America, circulars, cards, etcet- 
CO, Dee Tae Wk 606c2cess eves séctucesenenes 
Balance on hand December 28.........ceececcesess 


Very truly yours, 


Cart O! Dunsar, 
Treasurer. 


lod 


New Haven, Connecticut, December 28, 1927. 


APPOINTMENT OF AUDITING COMMITTEE 


Professors W. H. Shideler and B. F. Howell were then appointed 
by President Parks as a committee to audit the accounts of the Treas- 


urer. 
ELECTION OF OFFICERS AND MEMBERS 


The results of the ballot for officers for 1928 and the election of new 
members was the next matter of business and was announced by the 


Secretary as follows: 
OFFICERS FOR 1928 


President: 
A. F. Forrste, Dayton, Ohio 
First Vice-President: 
M. G. Ment, Columbia, Mo. 
Second Vice-President: 
. R. Cumines, Bloomington, Ind. 
Third Vice-President: 


+. R. Wrevanp, New Haven, Conn. 








$1,248.42 





265.18 









35.18 


8.42 


2as- 


lew 
the 











ELECTION OF OFFICERS AND MEMBERS 285 


Secretary: 
R. 8. Basster, Washington, D. C. 


Treasurer: 


Cart O. DunBar, New Haven, Conn. 
Editor: 


WaLTer GRANGER, New York City 


NEW MEMBERS FOR 1928 


Ina H. Cram, 15 West Seventeenth Street, Tulsa, Oklahoma. 

James B. Kniecut, Box 188, Route I, Clayton, Missouri. 

Harotp W. McGErrIGLeE, Department of Geology, Princeton University, Prince- 
ton, New Jersey. 

EvnicE PETERSON, Buffalo Society of Natural Science, Buffalo, New York. 

Loris S. RussELL, 27 William Street, Princeton, New Jersey. 

LuTHER C. Sniper, 60 Wall Street, New York City. 

Joun M. SULLIVAN, 2 Park Avenue, Jackson, Mississippi. 

Harotp S. THomas, Tidal Oil Company, Tulsa, Oklahoma. 


NEW NOMINATIONS AND ELECTION TO MEMBERSHIP 


Twenty-one applications for membership received too late for the 
printed ballot were then submitted to the Society with the approval of 
the Council. These nominations, with the special line of work and 
the names of their sponsors, are as follows: 


MacricE Biack, Graduate College, Princeton University, Princeton, New 
Jersey. Invertebrate paleontology. Proposed by Richard M. Field, W. 
B. Scott, and B. F. Howell. 

Freperic A. Busu, 501 Sinclair Building, Tulsa, Oklahoma. Micro-paleon- 
tology. Proposed by Josiah Bridge and A. O. Thomas. 

M. K. ELIASHEVICH, 852A Stanyan Street, San Francisco, California. Fossil 
plants of Siberia. Proposed by W. D. Matthew, Bruce L. Clark, and 
Ralph W. Chaney. 

Tuomas J. ETHERINGTON, Bacon Hall, University of California, Berkeley, 
California. Miocene invertebrate faunas of Washington. Proposed by 
W. D. Matthew, Bruce L. Clark, and Ralph W. Chaney. 

Wiu1aM M. Grant, 1407 Irving Street, San Francisco, California. Fossil 
diatoms. Proposed by W. D. Matthew, Bruce L. Clark, and Ralph W. 
Chaney. 

U. 8. Grant LV, San Diego Society of Natural History, San Diego, California. 
Invertebrate paleontology. Proposed by H. F. Schenck and R. S. Bassler. 

G. DaLLas HANNA, California Academy of Science, San Francisco, California. 
Tertiary diatoms. Proposed by W. D. Matthew, Bruce L. Clark, and 
Ralph W. Chaney. 


286 PROCEEDINGS OF THE PALEONTOLOGICAL SOCIETY 


Leo G. HerTLEIN, California Academy of Science, San Francisco, California, 
Tertiary invertebrate faunas of lower California. Proposed by W. Dp. 
-Matthew, Bruce L. Clark, and Ralph W. Chaney. 

HILDEGARDE Howarp, 2613 Durant Avenue, Berkeley, California. Fossil birds, 
Proposed by W. D. Matthew, Bruce L. Clark, and Ralph W. Chaney, 
Ceci. H. KinpLe, Department of Geology, Princeton University, Princeton, 
New Jersey. Invertebrate paleontology. Proposed by W. J. Sinclair, 

W. B. Scott, and B. F. Howell. 

Rosert E. KinG, Peabody Museum, New Haven, Connecticut. Invertebrate 
paleontology. Proposed by Carl O. Dunbar and Charles Schuchert. 
HERBERT LORNIA Mason, Botany Department, University of California, Berke. 
ley, California. Fossil conifers. Proposed by W. D. Matthew. Bruce I, 

Clark, and Ralph W. Chaney. 

Stuart A. NortHrop, Peabody Museum, New Haven, Connecticut. Inverte- 
brate paleontology. Proposed by Carl O. Dunbar and Charles Schuchert, 

Epwarp D. PRESSLER, Bacon Hall, University of California, Berkeley, Califor. 
nia. Pliocene invertebrate faunas of California. Proposed by W. D. 
Matthew, Bruce L. Clark, and Ralph W. Chaney. 

Rosert I. Roru, Atlantic Oil Production Company, Tulsa Trust Building, 
Tulsa, Oklahoma. Micro-paleontology. Proposed by Josiah Bridge and 
A. O. Thomas. 

CHARLES RyNIKER, Box 2044, Gypsy Oil Company, Tulsa, Oklahoma. Micro- 
paleontology. Proposed by Josiah Bridge and A. O. Thomas. 

EruHet I. SAnsorn, University of Oregon, Eugene, Oregon. Oligocene floras 
of western Oregon. Proposed by W. D. Matthew, Bruce L. Clark, and 
Ralph W. Chaney. 

ALBERT N. Sayre, Department of Geology, University of Pennsylvania, Phila- 
delphia, Pennsylvania. Invertebrate paleontology. Proposed by R. §. 
Bassler and K. F. Mather. 

Epwarp 8S. C. Smita, Department of Geology, Union College, Schenectady, 
New York. Invertebrate paleontology. Proposed by R. 8S. Bassler and 
E. O. Ulrich. 

NELLIE M. TeEGLAND, Bacon Hall, University of California, Berkeley, Califor- 
nia. Oligocene invertebrate faunas of Washington. Proposed by W. D. 
Matthew, Bruce L. Clark, and Ralph W. Chaney. 

LAWRENCE Wuuitcoms, 20 Hawthorne Avenue, Princeton, New Jersey. In- 
vertebrate paleontology and stratigraphy. Proposed by Richard M. Field. 
W. B. Scott, and B. F. Howell. 


A motion to suspend the By-Laws was seconded and approved ; where- 


upon, by unanimous vote, the Secretary was instructed to cast the vote 
of the Society for the election to membership of these twenty-one nomi- 


nees. 
ELECTION OF CORRESPONDENTS 


The attention of the Society was then directed to the nomination by 
several members and approval by the Council of five outstanding stu- 
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jents of European stratigraphy and paleontology for election as Cor- 
respondents. These nominations are as follows: 


. FerDINAND Brom, Alte Akademie, Munich, Germany. 

. W. D. Lane, British Museum (Natural History), London, England. 
_ J. F. Pompecks, Geologische Institut, Berlin, Germany. 

. JAN WANNER, Geologische Institut, Bonn, Germany. 

_ F. Von HvueEne, Tiibingen, Germany. 


The election of these five scientists as Correspondents followed by 
unanimous vote. 
NECROLOGY 


A tribute to the memory of the members who had died during the 
past year was then paid by President Parks. 


NEW BUSINESS 


The report of the Committee on the Marking of Type Specimens, con- 
sisting of B. F. Howell, C. E. Resser, and P. E. Raymond, was then. 
presented by the chairman, Professor Howell. 


“The committee has received replies to its questionnaires from 34 Ameri- 
can, 2 Canadian, and 7 European curators. These replies may be summarized 
as follows : 

“1, The terms holotype, cotype, syntype, paratype, plesiotype, lectotype, 
neotype, metatype, topotype, allotype, hypotype, homeotype, and ideotype and 
their compounds, with the prefix ‘plasto,’ are now being ysed for the designa- 
tion of different kinds of type specimens of fossils. In these terms there is 
the following duplication of meaning: cotype and syntype are synonymous; 
plesiotype and hypotype are synonyms. 

“The only terms that are used by the majority of the museums are holo- 
type, cotype, paratype, and plesiotype. 

“There is no uniformity whatever in the methods used to indicate, by 
symbols placed on the fossil itself, what kind of a type the fossil represents. 
In some cases a different symbol is used for each of the kinds of types recog- 
nized by the museum. In other cases a single symbol is used for several 
kinds of types. In general, holotypes and cotypes are marked with red or 
green disks, diamonds, stars, or squares; but one museum, that of the Uni- 
versity of California, marks its holotypes with a golden symbol. The colors 
used for other types are so many that no general tendency toward uniformity 
can be recognized, although a number of the larger museums mark all of 
their type specimens either red or green. The University of California uses 
silver symbols on all its types except holotypes, the Museum of the Califor- 
nia Academy of Sciences uses orange for paratypes and blue for plesiotypes 
and lectotypes, and the Field Museum marks its paratypes with a blue disk. 
All the type specimens in the Sedgwick Museum bear a blue label. 

“2. These symbols are sometimes merely plain disks, diamonds, stars, or 
squares, painted on the specimen or its matrix or (in the case of very small 
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specimens) on a glass slide or bottle containing the specimen. More ofte 
they are plain disks, diamonds, stars, or squares of colored paper, glued ty 
the specimen, its matrix, or its containing glass slide, or inserted in the 
bottle holding a small specimen. A few museums write a catalogue number 
or other reference number on the painted or paper symbol, and in som 
institutions, where the same symbol is used for a number of different kings 
of types, the kind of type represented (or an abbreviation to indicate it) 
is written on the label. A number of museums do not mark their type spec. 
mens in any way. 

“3. Of the 34 curators who expressed an opinion about the desirability of 
having a uniform method of marking type specimens throughout the world 
all but one were in favor of it, and the one exception favored a uniform 
method for all of North America. Some curators believe that, if such 
uniform system was agreed upon, it would be many years before all the 
type specimens of some of the larger museums got marked to confom 
with it, but the curators of some of the larger collections stated that the 
believed that they could get their collections so labeled within a reasonable 
length of time. 

“In short, practically everyone appears agreed that a uniform method of 
marking type specimens is desirable and feasible. There remains only the 
problem of how to settle on the proper method. 

“If this problem is to be solved, some one must take the first step towani 
the solution. Since the Paleontological Society has already taken the initia. 
tive in the field by its action in appointing this committee, it may with prop 
riety go farther, if it desires to do so. Its committee believes that, in th 
interests of paleontology, the Society should take further action. 

“It seems to the committee that there are the following three alternatire 
routes of advance that may be taken: 

“1. The Society may lay the matter of the marking of type specimens 
all plants and animals, both recent and extinct forms, before the next Inte- 
national Zoological Congress, with the request that the Congress formulat 
international rules. , 

“2. The Society may take up the problem with the other paleontologial 
societies of the world and attempt to bring about an international agre 
ment as to the best method to adopt for fossils. 

“3. The Society may choose the method which seems best to it and recom 
mend the use of that method in America or throughout the world, for fossik 
alone or for both extinct and Recent plants and animals. 

“The committee recommends that the Society choose one of these lines 
procedure, or some other similar line, as a policy, and that the Society 
thorize this committee to gather facts and prepare for presentation at th 
next annual meeting recommendations regarding the best method for cary 
ing out that policy. 

“Respectfully submitted for the committee. 

“( Signed. ) B. F. Howett, 
Chairman.” 































After discussion, the Society voted that the committee continue alay 
the third line of procedure and prepare a report for next meeting. 
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The views of a number of the members were expressed in the follow- 
ing motion, presented by Professor Howell; which, after discussion, 
was voted upon favorably: 

Moved, That the Paleontological Society go on record as being in‘favor of 
the publication of proper authors’ abstracts with all paleontological books 
and papers except such as are themselves abstracts, and that the Society, 
through its Council, take steps to encourage the publication of such ab- 
stracts. 


4 final motion in the interest of paleontological work referred to the 
appointment of a service committee of the Society. 

Moved, That the President be authorized to appoint a chairman and four 
members of a standing committee, to be known as the Service Committee, 
which shall function as a clearing house for paleontological information for 
members of the Society, especially for members desiring to learn where 
they can obtain copies of out-of-print papers and specimens of fossils which 
they may need, the chairman to hold office at the pleasure of the Council 
of the Society, to have power to appoint additional members of the com- 
mittee as shall seem to him desirable, and to appoint members in place of 
the four members appointed by the President when any of those four mem- 
bers resign, and to be required to submit at each annual meeting of the 
Society a written report of the services rendered by the committee during 
the preceding year. 


The Society approved this motion by vote and President Parks there- 
upon appointed the following committee; B. F. Howell (chairman), 
R. M. Field, C. E. Resser, R. W. Chaney, and E. B. Branson. 

Various inquiries from members of the Society during the year re- 
garding the rules of nomenclature led the Secretary to announce at 
this point that the Biological Society of Washington had published a 
pamphlet entitled “International rules of zoological nomenclature,” 
copies of which can be had by addressing the Secretary of that Society, 
care of Bureau of Entomology, Department of Agriculture, Washington, 
D.C. 

The announcement was then made that the Council had appointed 
F. B. Loomis and David White as the two representatives of the Society 
on the board of the American Association for the Advancement of 
Science for 1928. 

The Society then proceeded to the reading of scientific papers with 
President Parks presiding. 


PRESENTATION OF PAPERS 


New forms of Triassic vertebrates from the Dockum beds of western 
Texas and a discussion of their stratigraphic horizon formed the sub- 


XIX—BuLL. Geox. Soc. AM., Vou. 39, 1927 














290 PROCEEDINGS OF THE PALEONTOLOGICAL SOCIETY 


ject of the first paper, which was illustrated by lantern slides. Discus. 
sion by President Parks and Dr. Troxell. 


NEW VERTEBRATES FROM THE UPPER TRIASSIC OF TEXAS 
BY E. C. CASE 


A paleobotanical paper presenting evidence of intercontinental com- 
munication during the Tertiary was then presented by the author with 
lantern slide illustrations. 


SEQUOIA FOREST OF OLIGOCENE AGE IN MANCHURIA 
BY RALPH W. CHANEY 
(Abstract) 


Field studies in the region of Fu-shun, Manchuria, indicate the close rela- 
tion of the flora associated with the coal deposits to the Oligocene Bridge 
Creek flora of eastern Oregon. In addition to the dominant Sequoia langs- 
dorfii, the Fu-shun flora includes species of Alnus, Quercus, Acer, and others 
which are identical or closely related to those occurring in the Bridge Creek 
flora. The floras described by Kryshtofovich in adjacent Siberia also con- 
tain Sequoia langsdorfii, together with a large number of other species and 
genera in common with the floras of the northern Great Basin. This occur. 
rence of a Sequoia flora in eastern Asia is in accord with the vertebrate 
evidence, indicating an interchange of life between North America and 
Asia during the Tertiary. 


The evidence for the Eocene age of the very fossiliferous Vincentown 
and associated greensand marl of New Jersey, long regarded as typical 
uppermost Cretaceous, was given by Dr. Stephenson, with discussion by 
Messrs. Parks and Bassler and reply by the author. 


BOCENE AGE OF THE SUPPOSED LATE UPPER CRETACEOUS GREENSAND 
MARLS OF NEW JERSEY ° 


BY C. WYTHE COOKE AND L. W. STEPHENSON 

The value of the fusulinid foraminifera as horizon markers in the 
American Upper Paleozoic was the next subject of discussion. Illus 
trated by chart and lantern slides and discussed by Messrs Tilton, Gallo- 
way, Cushman, and Dunbar. 
FUSULINID® AS AN AID IN ZONING THE AMERICAN UPPER CARBONIFEROUS 

STRATA 
BY CARL 0. DUNBAR 
(Abstract) 


The Fusulinide offer exceptional promise in the faunal zoning of the 
American Upper Carboniferous because they are generally distributed 
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throughout the marine phases of these strata and because their highly organ- 
ied shells are well adapted to record the evolutionary advances made from 
stage to stage. Moreover, they appear in great numbers at many different 
porizons, so that they are easily secured, either at the outcrop or in well 
cuttings. 

Recent researches have shown that the stratigraphic range of the dif- 
fereut species is not great. Their use in correlation will be discussed. 


Following a twenty-minute intermission, a second paper upon Upper 
Paleozoic foraminifera was presented. Discussion by Messrs. Galloway, 
Dunbar, and Cushman. 


PUSULINELLAS FROM THE STONEFORT LIMESTONE MEMBER OF THE TRADE- 
WATER FORMATION, HARRISBURG QUADRANGLE, ILLINOIS 


BY LLOYD G. HENBEST 
(Abstract) 


During the survey of the Harrisburg Quadrangle, Illinois, a limestone was 
found near the top of the Tradewater formation, Pottsville, which con-° 
tained a variety of fusulinas. These forms were studied and were found 
to be two new species of Fusulinclia and a third species, which was referred 
to as Fusulinella (Girtyina) ventricosa (Meek and Worthen ?). The pres- 
ence of this ventricose Fusulinella in the Pottsville decreases the value of 
F. ventricosa as an index fossil for the limestone cap rock of Herrin number 
6 coal. 


There was then given, with lantern-slide illustrations, a discussion 
of the origin, distribution and relationships of the early Silurian 
Maquoketa shale faunas of Iowa. Remarks by Professors Cumings and 
Kay. 


MAQUOKETA FAUNAS 
BY HARRY 8S. LADD 
(Abstract) 


This paper deals with the distribution and probable origin of certain 
faunas occurring in the Maquoketa shale of the upper Mississippi Valley. 
Four faunas are discussed: (1) the basal, or Depauperate fauna, which has 
a wide distribution. This fauna may be correlated with a similar one that 
vecurs in the top of the Arnheim member of the Richmond in the Ohio 
Valley, though few, if any species are identical in the two areas. (2) The 
fauna of the upper portions of the Elgin member, which seems restricted 
to the northwestern portion of the Maquoketa basin. It is believed that 
this fauna migrated in from the north. (3) The fauna of the Fort Atkinson 
member, which likewise is restricted to the northwest portion of the Maquo- 
keta basin and shows Arctic and western affinities. Some of the corals are 
strikingly similar to northern and western forms. (4) The fauna of the 
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uppermost Maquoketa, or Cornulites, zone, which is more widespread thap 
the last named two, yet more restricted than the first. It may contain g 
few species that are identical with species found in the Ohio Valley Rig. 
mond and may be correlated with the Elkhorn member in the type locality 
of the Richmond. 

Careful studies of a number of species which were first reported from 
the Ohio Valley Richmond and later identified from the Maquoketa show 
that in almost every case well marked differences exist; also, there igs g 
growing mass of evidence which indicates that the Maquoketa is closely 
related to Richmond rocks found north and northwest of the upper Missis. 
sippi Valley area. 


The general results of a detailed study of many collections of Penp- 
sylvanian microscopic fossils were outlined in the next paper. 


PENNSYLVANIAN MICRO-FAUNAS FROM OKLAHOMA AND TEXAS 
BY RAYMOND C. MOORE 
(Abstract) 


Preliminary study of about one hundred collections of microscopic fossils 
from the Pennsylvanian rocks of Oklahoma and Texas indicates that forami- 
nifera, bryozoa, and ostracoda are especially abundant at many horizons, 
These micro-faunas promise to aid in the difficult problems of correlating 
formations in isolated sections north and south of the Arbuckle Mountains 
in Oklahoma and in the north Texas area. However, a large number of 
species appear to have a wide stratigraphic range, and there are noteworthy 
variations in faunas from the same formation at different places. The 
micro-faunas appear to be most useful for correlations within a single dis- 
trict, especially in subsurface work. 


In the final paper of the afternoon the author’s views were regarded 
as decidedly opposite to the observed facts by Dr. Ulrich. Professors 
Cumings and Dunbar also discussed the subject. 


PALEOGEOGRAPHIC SIGNIFICANCE OF GRAPTOLITE BEDS OF THE EASTERY 
UNITED STATES 


RAYMOND C. MOORE 
(Abstract) 


The graptolite-bearing beds of the eastern United States comprise chiefly 
the eastern slate belt of New York and Pennsylvania, the Athens shale in 
the eastern part of the central and southern Appalachians, and shale and 
chert in the Ouachita Mountain region of Arkansas and Oklahoma. Accoré- 
ing to conclusions of Ruedemann and others, the graptolite faunas were 
essentially restricted to quiet waters in which fine carbonaceous muds ac 
cumulated. It is suggested that the graptolite-bearing deposits represent 
the product of sedimentation in “deeps” on the inner side of bordering old- 
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jands, not necessarily separated by land barriers from contemporary shal- 
jow seas of the continental interior, where different environment was re- 
sponsible for the observed change in faunas and lithology. In the central 
and southern Appalachians it is possible that only the western portion of 
original graptolitiferous beds is preserved, or, where preserved, fossils have 
been destroyed by metamorphism. Obliteration of the troughs, partly by 
filling and partly by deformation, appears to have occurred chiefly toward 
the end of Ordovician time. 


The meeting adjourned at 5.30 p.m. At 8 o’clock the members met 
with the Geological Society of America at the Case Club to hear the 
address of Arthur Keith, retiring President of the latter Society, on 
the subject “Structural symmetry of North America.” Later in the 
evening a complimentary smoker was tendered to the various visit- 
ing societies by our hosts. 





Session OF FripAy, DECEMBER 30 


PRESENTATION OF PAPERS 
Friday morning at 9.30 the reading of papers was resumed at a 
general session of the Society, with President Parks presiding. 
The first paper was a short account of a new occurrence of fossil 
eyeads, in this case from several localities in the Cretaceous of Texas. 
FOSSIL CYCAD LOCALITIES IN TEXAS 


BY E. H. SELLARDS 


In the absence of the author, there was then read by title the follow- 
ing paper : 
NEW AND LITTLE KNOWN FOSSILS FROM THE ORDOVICIAN OF MINNESOTA 

BY CLINTON R. STAUFFER 

A matter of interest to all students of natural history formed the 
subject of the next paper. Discussion by President Parks and Dr. 
Ruedemann. 

EXTINCTION AND EXTERMINATION 
BY I. P. TOLMACHOFF 
(Abstract) 


Extinction and extermination are often considered as synonymous in their 
application to the action of the organic world, both taken to mean the result 
of the dying out of different animal or plant groups, and in many cases 
paleontologists in trying to explain the extinction of a race present causes 
destructive to individuals of this race. However, extinction and extermination 
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are entirely different in their application and effect on the organic world and 
in the reaction of the latter. 

Extermination affects individuals or groups of individuals; extinction, 
species or other taxonomic groups. Extermination always has more or Jegg 
of a catastrophical character, it happens accidentally in «a very short time— 
geologically speaking, in a very few minutes. Extinction is always a long 
process, often covering many millions of years. Organisms affected by ex. 
termination are in no way different from others of the same race not thys 
affected, while a race under extinction suffers very great alterations of its 
organization—extreme and diversified specialization which might be called 
overspecialization. In a few cases extinction may be the result of extermina. 
tion, but rarely and only locally. In many cases species constantly suffering 
great losses in their numbers belong to a very prolific race. A race which is 
already under extinction might be exterminated. Instinct of self-preseryation 
protects an organism against extermination; parental and sexual instincts 
eare for the race. Interests of an individual and of a species may conflict 
and in prolific races individual interests are often sacrificed to those of the 
race. High individuality, specialization or Overspecialization brings indiyid- 
ual interests before racial interests. When specialization might be carried 
to an extreme, instincts governing the preservation of a race would become 
very weak and would, probably, bring along a decrease in the productive 
abilities resulting in partial or complete sterility of individuals. In its appii- 
eation to the animal kingdom this is only a probable suggestion, but in the 
ease of the plant kingdom it is an established fact. 

Extinction is the result of the senility of a race, provoked by an extreme 
specialization in some particular line, accompanied by a decrease in reprodue- 
tion. The life of a race, to a certain extent, is analogous to the life of an 
individual, and the extinction of a race to the natural death of an individual. 
The casual extinction of a race inflicted by extermination may be compared 
to a premature, accidental death of an individual. 











A second paper by Dr. Tolmachoff proved of equal, general interest 
and brought forth a discussion in which many of the members took 
part. 


MAMMOTH AND RHINOCEROS FOUND IN THE FROZEN 
GROUND OF SIBERIA 


CARCASSES OF THE 








BY I. P. TOLMACH OFF 


(Abstract) 










Northeastern Europe and northern Asia are very abundant in remnants 
of the mammoth, rhinoceros, and other extinct animals found not only 
as skeletons, but also as carcasses more or less completely preserved in 
frozen ground. Owing to this fact, the mammoth had a prominent position 
in local folklore and Chinese legends; and while European nature-philosophers 
were lost in view of gigantic bones discovered in different countries of 
Europe, Asiatic natives had a much better idea of the animal to wiiich these 
remnants had belonged. Fossil ivory was known in Asia so far back as 
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the fourth century B. C., and since the conquering of Siberia by Russians 
its collection became a regular item of local industry. At the present time 
about 50 per cent of the marketed ivory has its origin in mammoth localities 
of northern Siberia. In the near future the relative quantity of fossil ivory 
will increase, and very soon it will remain the only source of ivory except 
the small amount furnished by sea animals. During the last century over 
two hundred animals with good ivory were, on the average, discovered 
yearly. For two and a half centuries of Russian possession of Siberia the 
yield has been at least fifty thousand animals, the tusks of which were 
collected, the soft parts of many of these animals were preserved, and even 
whole carcasses were found. 

The Russian Academy of Sciences during the two hundred years of its 
existence adopted the poiicy of sending a scientific expedition to the far- 
distant regions of Siberia every time carcasses were discovered. Premiums 
were given and medals awarded to discoverers. In spite of that, owing 
to different conditions, only a few discoveries used to be reported to the 
Academy. In some cases reports were much belated or erroneous, and only 
a few of the expeditions were crowned with success. 

The writer knows of only thirty-seven recorded discoveries of animals 
with preserved soft parts. In most cases only poor remnants of soft parts 
were preserved, the largest part of flesh, fat, and skin having been destroyed 
by wild animals before they could be examined by an explorer or even 
looked at by a local native. In six cases only carcasses happened to be 
found in good condition, although even then they were not delivered so 
complete as they had been discovered. They are four mammoths: Adams’ 
mammoth, found in the delta of the Lena River in 1799; Herz’s mammoth, 
discovered on the Beresovea River in 1899; Stenbock-Fermor’s mammoth, 
discovered on the Great Lyakhov Island in 1906, and Vollosovich’s mam- 
moth, found on the Sanga-Yurakh River in 1907. Two carcasses of rhi- 
noceros were found: Pallas’ rhinoceros, found on the Vilui River in 1771, and 
Gorokhoy’s rhinoceros, found on the Khalbugai Creek in 1878. 

The mammoth was an Arctic animal, well protected against severe climatic 
conditions and well adapted to its environment. An examination of plants 
found in the stomach of these animals show that the flora of their pasturages 
was not different from the present one, and that the climate of the mam- 
moth age was not much warmer than it is now. It could not have been 
warmer, because it is possible to conceive of the preservation of carcasses 
under present climatic conditions, but not under warmer ones. Frozen 
ground, so typical of northern Siberia, existed, probably, during the mam- 
moth age as well. Good adaption to surroundings is well shown by the wide 
distribution and the great number of animals; also by the splendid physical 
condition of the animals found. All of them were well fed, often overfed, 
having had a thick layer of fat under their skin. Like that typical Arctic 
animal, reindeer, the mammoth probably had different local species. The 
most northern one was distinguishable by its smaller size. as is the case 
with the present reindeer. 

The fossil rhinoceros is less well known than the mammoth; but, so far as 
its biology is concerned, practically everything told about the mammoth 
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refers to the rhinoceros as well, except it was not such a sociable anima} 
nor so abundant. 

Extinction of the mammoth and rhinoceros in the waste areas of the 
Old and New World could not have occurred in a comparatively short time, 
by reason of a change of physicogeographical conditions or by some defects 
of its organization. Extermination by man must also be excluded. The 
writer approaches the question of extinction of the mammoth from the 
same point of view as to a number of analogous cases very familiar to 
paleontologists. It depended on an extreme specialization which affecteq 
the reproductive abilities of the animals and thus brought about their graq. 
ual extinction, although at the same time individuals might be in splendig 
physical condition. We are unable thus far to understand this phenomenon 
in detail, yet there is but little doubt that we must accept it as really existing 
and await an explanation. 


The final paper of the morning session was devoted to a technical 
discussion of the Orbitoid foraminifera, followed by a discussion of the 
subject by the author and Dr. Cushman. 


STRUCTURE AND PHYLOGENY OF THE ORBITOID FORAMINIFERA 
BY J. J. GALLOWAY 
(Abstract) 


The family Orbitoididze embrace the discoidal Foraminifera which are 
composed of a median zone of chambers and two lateral zones of chambers or 
laminze. They consist of three well marked groups: (1) with lateral lamine 
and rectangular median chambers, the subfamily Cycloclypeine; (2) with 
lateral chambers and rectangular median chambers, the subfamily Disco- 
eyclinine; and (3) with lateral chambers and arcuate, spatulate, ogival, 
diamond-shaped or hexagonal median chambers. 

The family consists of twenty-six recognizable genera and seventeen syn- 
onyms. It appears to have evolved from the genus Heterostegina of the 
Camerinide (“Nummulitide”’), and evolved in the three directions repre- 
sented by the subfamilies. The evolution of the subfamilies can be fairly 
well made out by a comparison of the microspheric nucleoconchs, the change 
in shape of the median chambers, the change in shape of the test, and the 
geologic occurrence. 


At 1 p. m. adjournment was had for luncheon. Convening again 
at 2 p. m., President Parks called for the report of the committee to 
audit the Treasurer’s accounts. Their report attested to the correct- 
ness of these accounts. 

The first paper gave a short review and new description, with lantern- 
slide illustrations, of the supposed Coal Measures brachiopod Tere- 
bratula uta Marcou and showed that it is Triassic in age. The dis- 
cussion indicated that other species described from this region would 
be found to be of Mesozoic age instead of Paleozoic. 
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TEREBRATULA UTA MARCOU—A TRIASSIC SPECIES 


BY A. L. MATHEWS 


Another phase in the life history of the foraminifera, described as 
trimorphism, formed the subject of the next paper. Discussion by 
Professor Galloway. 


TRIMORPHISM IN THE FORAMINIFERA 


BY JOSEPH A. CUSHMAN 


An interesting discussion of the systematic position of the Stromato- 
poroidea, presented in the absence of the author by Prof. C. H. Behre, 
was illustrated by numerous lantern slides showing the internal struc- 
ture preserving what is believed to be sponge spicules. The trend 
of the discussion following the paper, participated in by President 
Parks, Dr. Ulrich, and others, seemed te be against the reference of 
these problematic organisms to the sponges. 


STRUCTURE OF THE STROMATOPOROIDS 


BY GEORGE B. TWITCHELL 


A review of the genera and species of brachiopods of the Cedar Valley 
beds of the Iowa Upper Devonian, their horizontal and vertical dis- 
tribution and comparison with the other Devonian faunas of Iowa and 
adjoining States, formed the next subject under discussion. Remarks 
by Dr. Ulrich and Professor Ehlers attested to the value of such de- 
tailed work. 


BRACHIOPODA OF THE CEDAR VALLEY BEDS OF THE IOWA DEVONIAN 
BY M, A. STAINBROOK 


The final paper of the afternoon session also had a Devonian fauna 
for its subject, in this case wonderfully preserved Hamilton fossils 
from Ohio. 


FAUNA OF THE SILICA SHALE OF LUCAS COUNTY, OHIO 
BY GRACE A. STEWART 
(Abstract) 


The Silica shale, which is known only from quarry exposures in Lucas 
County, Ohio, carries a fauna more closely related to the typical Hamil- 
ton than any other formation of the Ohio column. The fossils are com- 
monly pyritized and for the most part excellently preserved. The fauna 
has been studied and described for publication. Sixty-two species, eleven of 
— are new species or new varieties, have been identified from our col- 
ections, 
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refers to the rhinoceros as well, except it was not such a sociable anima] 
nor so abundant. 

Extinction of the mammoth and rhinoceros in the waste areas of the 
Old and New World could not have occurred in a comparatively short time, 
by reason of a change of physicogeographical conditions or by some defects 
of its organization. Extermination by man must also be excluded. The 
writer approaches the question of extinction of the mammoth from the 
same point of view as to a number of analogous cases very familiar to 
paleontologists. It depended on an extreme specialization which affecteq 
the reproductive abilities of the animals and thus brought about their grag. 
ual extinction, although at the same time individuals might be in splendig 
physical condition. We are unable thus far to understand this phenomenon 
in detail, yet there is but little doubt that we must accept it as really existing 
and await an explanation. 


The final paper of the morning session was devoted to a technical 
discussion of the Orbitoid foraminifera, followed by a discussion of the 
subject by the author and Dr. Cushman. 


STRUCTURE AND PHYLOGENY OF THE ORBITOID FORAMINIFERA 


BY J. J. GALLOWAY 
(Abstract) 


The family Orbitoidid:se embrace the discoidal Foraminifera which are 
composed of a median zone of chambers and two lateral zones of chambers or 
lamine. They consist of three well marked groups: (1) with lateral lamine 
and rectangular median chambers, the subfamily Cycloclypeinz; (2) with 
lateral chambers and rectangular median chambers, the subfamily Disco- 
eyclinine; and (3) with lateral chambers and arcuate, spatulate, ogival, 
diamond-shaped or hexagonal median chambers. 

The family consists of twenty-six recognizable genera and seventeen syn- 
onyms. It appears to have evolved from the genus Heterostegina of the 
Camerinide (“Nummulitide”’), and evolved in the three directions repre- 
sented by the subfamilies. The evolution of the subfamilies can be fairly 
well made out by a comparison of the microspheric nucleoconchs, the change 
in shape of the median chambers, the change in shape of the test, and the 
geologic occurrence. 


At 1 p. m. adjournment was had for luncheon. Convening agai 
at 2 p. m., President Parks called for the report of the committee to 
audit the Treasurer’s accounts. Their report attested to the correct- 
ness of these accounts. 

The first paper gave a short review and new description, with lantern- 
slide illustrations, of the supposed Coal Measures brachiopod Tere- 
bratula uta Marcou and showed that it is Triassic in age. The dis- 
cussion indicated that other species described from this region would 
be found to be of Mesozoic age instead of Paleozoic. 
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TEREBRATULA UTA MARCOU—A TRIASSIC SPECIES 


BY A. L. MATHEWS 


Another phase in the life history of the foraminifera, described as 
trimorphism, formed the subject of the next paper. Discussion by 
Professor Galloway. 


TRIMORPHISM IN THE FORAMINIFERA 
BY JOSEPH A. CUSHMAN 


An interesting discussion of the systematic position of the Stromato- 
poroidea, presented in the absence of the author by Prof. C. H. Behre, 
was illustrated by numerous lantern slides showing the internal struc-. 
ture preserving what is believed to be sponge spicules. The trend 
of the discussion following the paper, participated in by President 
Parks, Dr. Ulrich, and others, seemed to be against the reference of 
these problematic organisms to the sponges. 


STRUCTURE OF THE STROMATOPOROIDS 
BY GEORGE B. TWITCHELL 

A review of the genera and species of brachiopods of the Cedar Valley 

beds of the Iowa Upper Devonian, their horizontal and vertical -dis- 

tribution and comparison with the other Devonian faunas of Iowa and 

adjoining States, formed the next subject under discussion. Remarks 

by Dr. Ulrich and Professor Ehlers attested to the value of such de- 
tailed work. 


BRACHIOPODA OF THE CEDAR VALLEY BEDS OF THE IOWA DEVONIAN 
BY M. A. STAINBROOK 
The final paper of the afternoon session also had a Devonian fauna 


for its subject, in this case wonderfully preserved Hamilton fossils 
from Ohio. 


FAUNA OF THE SILICA SHALE OF LUCAS COUNTY, OHIO 
BY GRACE A, STEWART 
(Abstract) 


The Silica shale, which is known only from quarry exposures in Lucas 
County, Ohio, carries a fauna more closely related to the typical Hamil- 
ton than any other formation of the Ohio column. The fossils are com- 
monly pyritized and for the most part excellently preserved. The fauna 
has been studied and described for publication. Sixty-two species, eleven of 
Which are new species or new varieties, have been identified from our col- 
lections, 
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Reading of papers was then discontinued for the address of the re. 
tiring President of the Paleontological Society, which was delivered 
in joint session of all the societies at 4 p. m. 

SOME REFLECTIONS ON PALEONTOLOGY 
PRESIDENTIAL ADDRESS BY WILLIAM A. PARKS 
Adjournment then occurred until 7 p. m., when the annual dinner 


of the Geological Society of America and its affiliated societies took 
place at the Hotel Cleveland. 





Session oF SatrurDAy, DECEMBER 31 
PRESENTATION OF PAPERS 


Meeting at 9.30 a. m., the discussion of Miss Stewart’s paper on the 
Silica shale fossils, postponed from Friday’s session, was first on the 
program, in which Dr. Ulrich took part. 

There then followed remarks on the peculiar pelmatozoan gems 
Lichenocrinus, with discussion by President Parks and Dr. Ulrich. 


CRINOIDAL AFFINITIES OF LICHENOCRINUS 
BY R. S. BASSLER 
(Abstract) 


The discoid, more or less crateriform, parasitic bodies from the center 
of which arises a long tapering column, described by Hall in 1872 as Lich- 
cenocrinus, have been the subject of numerous papers and various interpreta- 
tions. The upper surface of these bodies is covered with polygonal plates, 
which are supported in the interior by numerous radiating lamelle. This 
combination of structures, recalling the very peculiar Cyclocystoidea, was 
probably the reason for assigning these organisms to a new order of pel- 
matozoan echinoderms, Lichenocrinoidea, by Miller in 1889. The long column 
suggests affinities to the Crinoidea, but, as no head had ever been discover- 
ered, Lichenocrinus was usually assigned to the Cystoidea. In 1898 Dr. 
George M. Austin, of Wilmington, Ohio, discovered in the Upper Hebertella 
insculpta, beds near the top of the Waynesville formation of the Early 
Silurian Richmond group in Clinton County, Ohio, a stratum containing 
numerous individuals of Lichenocrinus afinis Miller associated with the 
bodies of a very small Heterocrinoid in such a manner as to indicate they 
were parts of the same organism. Dr. Austin recognized this evidence as 
to the crinoid affinities of Lichenocrinus, and in 1903 communicated his 
ideas with the specimens to Dr. Frank Springer, who intended to make them 
known to science. Unfortunately, no opportunity was afforded to publish 
Dr. Austin’s observations and the object of the present paper is to give the 
long-delayed credit for his discoveries. 
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The paleogeography of the Pacific region in evidence brought out 
by the distribution of the graptolites was the subject-matter of the fol- 
jowing paper. Discussion by Doctors Ulrich, Dunbar, and Moore. 
















FOSSIL EVIDENCE OF THE EXISTENCE OF A PACIFIC GCEAN IN EARLY 
ORDOVICIAN TIME 












BY RUDOLF RUEDEMANN 


(Abstract) 






None of the Paleozoic fossils have a more cosmopolitan character than 
the graptolites. The same common species are found in Australia, China, 
Europe, and America and in the same succession—a fact that has been 
generally accepted as due to the pelagic habitat of the graptolites, which 
are planktonic or pseudoplanktonic in habit, and also has been taken to 
prove the free interoceanic passage of ocean currents. As is well known, . 
the same world-wide distribution of certain graptolites has also made them 
most valuable guide fossils for intercontinental correlations. 
It was the late Dr. J. S. Hall, of Melbourne, Australia, a very active stu- 
dent of graptolites, who first pointed out certain provincial characters of 
the Australian graptolite faunas that set them apart from the British grap- 
tolite faunas with which they had before been identified. Also, the present 
writer believed (1904) that he saw in certain peculiarities of the New York 
and eastern Canadian faunas of Beekmantown age indications of a pos- 
sible connection with the Pacific realm, as shown especially in the presence 
of the Australian genus Goniograptus, in the Deep Kill shale. 
The study of graptolite faunas of Beekmantown age from British Colum- 
bia (Glenogle shale, Windermere Creek), collected by Mr. Walker, and from 
the Hailey Quadrangle in Idaho (collected by Dr. Kirk for the United States 
Geological Survey), has shown that these graptolite faunas contain a very 
distinct Australian element, not only in the species which will require closer 
study, but even in the presence of genera that hitherto were known only 
from Australia, and that represent a distinctly aberrant type of develop- 
ment. These are the genera Oncograptus T. S. Hall and Cardiograptus 
Harris from the Castlemaine district, in Victoria. | 
Professors Hall and Harris have pointed out that these two genera are 
probably derived from the cosmopolitan species Didymograptus caduceus— 
a form with broad, semi-elliptic branches or stipes and the same thecal char- | 
acteristics as the two genera. Professor Harris (1916) considers them as 
late derivatives of D. caduceus, with a very limited vertical range. In Aus- 
tralia they are restricted to the gower and middle Darrimil beds, or to grap- 
tolite horizons corresponding to those of the third Deep Kill division, that 
with Diplograptus dentatus. In British Columbia and Idaho they appear 
already in the zone of Didymograptus walcottorum, which corresponds to the 
second Deep Kill zone, that of Didymograptus bifidus, but continue into 
the next or third Deep Kill zone. They are, therefore, here somewhat older 
than in Australia and possibly nearer their metropolis of origin. 
The fact we wish to emphasize in this connection is that the two genera, 
and other species to be dealt with in a later publication, suggest a provin- 
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cial character for the ocean, with which the Ordovician sea of late Beek. 
mantown or early Chazy time of British Columbia and Idaho on one side 
and the sea covering Victoria on the other side were connected. The occur. 
rence of the genera in both eastern Australia and western America at 
approximately the same time indicates further an open oceanic connection 
for these pelagic organisms between the two regions, or, in other words, 
an ocean over the southern and middle portions of the present Pacific Ocean, 

It may be added that this is fully in accordance with other evidence fyr- 
nished by paleogeographic studies of the Paleozoic strata of western Amer- 
ica, which, as Schuchert’s and Ulrich’s well known paleogeographic charts 
show, lead persistently to the assumption of a large oceanic basin in the 
west, whence new invasions ‘with new faunas, evolved along the coasts of 
that ocean, took place at almost rhythmical intervals. These western Pagci- 
fic faunas often penetrated deep into the continent. They are, however, 
always littoral faunas that have wandered only along coastlines, while the 
graptolites furnish an element of the oceanic faunas that, being of pelagic 
habitat, may have come across the whole ocean or around its margin with 
the oceanic currents, independent of the coastline. 


a 


ep ecemmers 


2 RSE ee 


Mr. Granger then presented for the authors a notice of new Fort 
Union mammals from Montana, explaining that, unknown to them, 
the same fauna had previously been studied by the American Museum 
paleontologists, and that on learning this Dr. Matthew had courteously 
withdrawn the work from publication. 


NEW FOSSIL MAMMALS FROM THE FORT UNION OF MONTANA 
BY W. D. MATTHEW AND J. C. F. SIEGFRIEDT 
(Abstract) 


A number of small mammal jaws found by the junior author at a new 
locality in the Fort Union formation of Montana represent two new genera, 
probably marsupials, and provisionally referred to the Cvenolestide. The 
reference is of interest, as suggesting a North American origin of this family, 
characteristic of the South American Tertiary mammal faunas and hitherto 
unknown outside of South America. 










A digest of a paper on the same subject as the preceding was then 
iven for the author by Mr. Granger. 
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NEW MAMMALIAN FAUNA FROM THE FORT UNION OF SOUTHERN MONTANA 







BY GEORGE GAYLORD SIMPSON 


(Abstract) 


In November, 1926, Dr. J. C. F. Siegfriedt discovered the presence of 
mammals in a coal mine in the Fort Union formation at Bear Creek, 
Montana. Barnum Brown visited the locality the following summer and 
made a collection for the American Museum of Natural History. Mammals 
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are very rare in this formation, most of the previously known ones coming 
from a single locality in Sweetgrass County, Montana. The Bear Creek 
fauna is possibly somewhat younger than that from Sweetgrass County, 
although more comparable material is necessary for final decision, and in 
any event it is of rather different facies, representing the smaller mammals 
of a swampy and heavily forested region. The fauna is quite varied, at 
least eight families occurring in the material so far known. The American 
Museum collection contains four new genera and five new species and others 
will surely be definable when more material has been obtained. The most 
interesting forms are Carpolestes Simpson and Planetetherium S. The for- 
mer has a close ally in Carpodaptes of the Colorado Tiffany (Upper Paleo- 
cene) and is referred by the writer to the Tarsiidew. Planetetherium is 
wholly doubtful as to systematic position. Some of the students who have 
examined it would refer it (and even Carpolestes) to the Marsupialia, but 
this seems to be contrary to the known facts. 


The final paper of the program was read by title. 
t=) d 


AUDITORY ORGAN OF THE LABYRINTHODONTS 
BY E. B. BRANSON AND M. G. MEHL 
(Abstract) 


Among the labyrinthodont remains in the University of Missouri collec- 
tions are two skulls from the Popo Agie beds, Triassic of central Wyoming, 
that show details of the braincase not ordinarily preserved. The so-called 
epipterygoid of reptiles is present in one skull. Articulating with this, at 
its upper, inner edge, is a rodlike bone directed toward the median line of 
the skull, while at the upper, outer edge is another distinct articulation that 
indicates the normal position of a bone directed from here to the otic notch. 
It is suggested that the epipterygoid of the labyrinthodonts is one of a chain 
of three bones of the inner ear. 
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SEssION OF THURSDAY AFTERNOON, DECEMBER 29 


The Mineralogical Society of America held its eighth annual meet- 
ing at Case School of Applied Science and Western Reserve Univer- 
sity, Cleveland, Ohio, in conjunction with the Geological Society of 
America. At 2 p. m. the meeting was called to order by President 
Austin F. Rogers in the Geology-Mineralogy Lecture-room of the Case 
Main Building. Many members of the Society of Economic Geologists 
were present as visitors. 

On motion of the Secretary, the reading of the minutes of the last 
annual meeting was dispensed with, in view of the fact that they have 
been printed on pages 71-83 of volume 12, number 3, of the American 
Mineralogist. 
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ELECTION OF OFFICERS AND FELLOWS 


The Secretary announced that 142 ballots had been cast for the officers 
as nominated by the Council. Of these, 139 were unanimous and three 
were negative in part. For Fellows there was a unanimous vote of 61 
ballots in the affirmative. All officers and Fellows as nominated were 
declared elected. The afficers for 1928 are the following: 


President, Esper S. LArsEN 
Harvard University, Cambridge, Mass. 
Vice-President, LAzARD CAHN 
Colorado Springs, Colo. 
Secretary, Frank R. VAN Horn 
Case School of Applied Science, Cleveland, Ohio 
Treasurer, ALEXANDER H. PHILLIPS 


Princeton University, Princeton, N. J. 


Editor, Wattrer F. Hunt 


University of Michigan, Ann Arbor, Mich. 


Councilor, Ettis THOMSON 


University of Toronto, Toronto, Canada 


The Fellows elected follow: 
Prof. ARTHUR HuTcHINSON, University of Cambridge, Cambridge, England. 
Ropert L. ParKeR, Swiss Federal Technical University, Zurich, Switzerland. 
Dr. Lewis S. RamMspELL, University of Michigan, Ann Arbor, Mich. 
Prof. HANS SCHNEIDERHOEHN, University of Frieburg, Baden, Germany. 
Dr. CHEesTer B. Stawson, University of Michigan, Ann Arbor, Mich. 
Dr. A. J. Watcott, Northwestern University, Evanston, Il. 


REPORT OF THE SECRETARY 


The Secretary reports that the roll of the Society now comprises 105 
Fellows and 218 members, a gain of 2 Fellows and 13 members for the 
year, in spite of the fact that 2 Fellows and 14 members have been 
dropped from the mailing list for nonpayment of dues. One Honorary 
Fellow, Professor Paul von Groth, and one Fellow, George Vaux, Jr., 
have died and a brief account of their careers will be published in the 
Journal. Three members—Prof. José J. Bravo, J. H. Ten Eyck Burr, 
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and Henry Fair—have also died. In addition to the 323 Fellows and 
members, there are also 163 subscribers to the American Mineralogist ; 
so that there are 476 paid copies of the Journal of the Society mailed 
monthly. Seventy-seven Fellows, members, and guests attended the 
meeting, which was the largest in the history of the Society. There 
were three memorial biographies and thirty-four papers listed for pres- 
entation, which exceeds the number for any previous meeting. 


REPORT OF THE TREASURER 


The Treasurer, A. H. Phillips, read his report, which showed a very 
favorable financial balance. 

On motion, the report was accepted, ordered filed, and an Auditing 
Committee from nonmembers of the Council was appointed by the Presi- 
dent. This committee, consisting of Dr. Charles Palache and R. J. 
Colony, later reported to the Secretary that they found the books of the 
Treasurer correct. 


REPORT OF THE EDITOR 


The Editor, Walter F. Hunt, read his report, which, on motion, was 
accepted and ordered filed. During the year the American Mineralogist’ 
printed sixty leading articles from twenty-seven universities and re- 
search bureaus, aggregating 359 pages, which establishes a new record. 
In addition, reports of proceedings of societies, abstracted accounts of 
new minerals, book reviews, and notes and news brought the total amount 
of reading material up to 440 pages. This is an increase of 90 pages over 
the output of last year. Subscriptions continue to come in from foreign 
libraries and universities, which indicates that the Journal of the Society 
is viewed with favor from abroad. 


REPORT OF THE COMMITTEE ON NOMENCLATURE AND CLASSIFICATION 
OF MINERALS 


W. F. Foshag reported that the committee had held no meeting during 
the past year. It was moved and carried that the committee be con- 
tinued. This committee consists of H. S. Washington, W. F. Foshag, 
A. F. Rogers, T. L. Walker, E. T. Wherry, and E. S. Larsen. 


REPORT OF THE COMMITTEE ON PRESERVATION OF TYPE MATERIAL 


W. T. Schaller, chairman, reported progress. It was moved and car- 
ried to accept the report and continue the committee, which consists of 
W. T. Schaller, W. F. Foshag, H. P. Whitlock, A. N. Winchell, and 
A, L. Parsons. 
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NEW BUSINESS 


It was moved, seconded, and carried that the Council send the con- 
gratulations and good wishes of the Society to Professor Victor Gold- 
schmidt on his approaching seventy-fifth birthday.* 

The question of the number of free copies of the separates printed in 
the Journal was discussed, and it was moved and carried that the Council 
consider some plan which would be more acceptable to authors. It was 
suggested that 50 copies without covers would be acceptable. 

Dr. T. L. Walker mentioned the possibility of having a Mineralogical 
Section at the next International Geological Congress. 


‘ MEMORIAL BIOGRAPHIES 


A memorial sketch of Professor Paul von Groth was read by E. H. 
Kraus, Another of George Vaux, Jr., written by S. G. Gordon, was 
read by Frank R. Van Horn. A biography of Prof. J. J. Bravo, of Lima, 
Peru, was read by A. L. Parsons. Professor Bravo was nominated by 
the Council for fellowship, but was killed at Akron, Ohio, before his 
election. These memorials will be printed in the March number of the 
American Mineralogist. 










PRESENTATION OF PAPERS 


At 3 p. m., there being no further business, the presentation of scien- 
tific papers was taken up according to program, as follows: 






SEQUENCE OF MINERALIZATION IN KEYSTONE, SOUTH DAKOTA, PEGMATITES 











BY K. K. LANDES 





ANALCITE FROM BREWSTER COUNTY, TEXAS 








BY J. T. LONSDALE 






ISOMORPHOUS RELATIONS OF MgSiOs; AND AIAl0z; IN SILICATES 








BY A. N. WINCHELL 


At 3.45 p. m. the Society adjourned to attend the joint session with 
the Geological Society. 












Joint SESSION WITH GEOLOGICAL SocIETY OF AMERICA, DECEMBER 29 


The Mineralogical Society of America held a joint session with the 
Geological Society of America at 4 p. m., Thursday, December 29, in the 


1 February 10, 1928. 
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Lecture-room of the Physics Building, Case School of Applied Science. 
Vice-President Douglas Johnson, of the Geological Society, presided. Dr. 
Austin F. Rogers, of the Mineralogical Society, delivered his presidential 
address, “Natural history of the silica minerals,” which will be published 
in the March number of the American Mineralogist. During the remain- 
der of the afternoon papers of a mineralogical and petrographical nature 
were presented, with A. F. Rogers in the chair. The joint meeting ad- 
journed at 6 p. m. 





SESSION OF Fripay Morninc, DeceMBER 30 


At 9.15 a. m., in the Geology-Mineralogy Lecture-room of the Case 
Main Building, President Rogers called the meeting to order. The read- 
ing of scientific papers then proceeded according to program: 


PRESENTATION OF PAPERS 


CRYSTAL STRUCTURE OF SPERRYLITE 


BY G. AMINOFF AND A. L. PARSONS 


PLEOCHORIC HALOES IN BIOTITE 


BY D. E. KERR-LAWSON' 


OPTICAL AND X-RAY RESEARCH ON CLAY MINERALS 
BY C. S. ROSS AND P. F. KERR 
FORMATION OF NICKEL SILICATES BY BASE EXCHANGE 


BY C. S. ROSS, E. V. SHANNON, AND F. A. GONYER 


OCCURRENCE OF KERNITE AND ASSOCIATED BORATES 


BY W. T. SCHALLER 


PROBABLE IDENTITY OF CAMSELLITE WITH SZAIBELYITE 


BY W. T. SCHALLER 


POTASH MINERALS FROM THE TEXAS-NEW MEXICO FIELD 


BY W. T. SCHALLER 


BASE EXCHANGE IN ARTIFICIAL AUTUNITES 


BY W. T. SCH ALLER 





‘Introduced by T. L. Walker. 
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CONSTITUENTS OF DIAMOND-BEARING BLACK SANDS FROM ANGOLA, 
PORTUGUESE WEST AFRICA 


BY O. F. POINDEXTER 
tead by Frank R. Van Horn. 
SEDIMENTARY ANALCITE IN ARIZONA 
BY C. S. ROSS 
NEW METHOD FOR THE DETERMINATION OF THE FELDSPARS 
BY E. K. GEDNEY 
NEW OCCURRENCES OF RARE METAL AND OTHER MINERALS FROM THE 
CUMBERLAND REGION OF RHODE ISLAND 
BY E. K. GEDNEY AND C. W. BROWN 
DOUBLY TERMINATED QUARTZ CRYSTALS IN GYPSUM FROM ACME, 
NEW MEXICO 
BY W. A. TARR 


At 12.40 p. m. the Society adjourned for lunch. 















Session OF Fripay AFTERNOON, DECEMBER 30 


At 2.10 p. m. President Rogers called the meeting to order, and the 
reading of papers continued. 







PRESENTATION OF PAPERS 







PRELIMINARY REPORT OF THE CRYSTAL STRUCTURE OF ANALCITE 


BY J. W. GRUNER 

















LARGE MAGNETITE AND FRANKLINITE CRYSTALS FROM FRANKLIN 


FURNACE, NEW JERSEY 





BY F. R. VAN HORN 







MINERALOGICAL DATA ON THE HUMITE GROUP 







BY 





E. S. LARSEN 








NATURE AND ORIGIN OF THE AMPHIBOLE-ASBESTOS OF SOUTH AFRICA 








BY CHARLES PALACHE AND MATIN A. PEACOCK 







MINERALOGICAL NOTES ON FRANKLIN FURNACE 






BY CHARLES PALACHE 
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PARAGENESIS OF THE GRANITE PEGAMITITE OF FITCHBURG, 
MASSACHUSETTS 


BY LYMAN W. LEWIS‘ 
CALCULATION OF THE INTERFACIAL ANGLES FROM COORDINATE ELEMENTS 
IN THE HEXAGONAL SYSTEM 
BY LYMAN W. LEWIS +. 


FRIEDELITE, SCHALLERITE, AND RELATED MINERALS 
BY L. H. BAUER AND HARRY BERMAN 


UVAROVITE FROM CALIFORNIA 
BY E. P. HENDERSON 
CORRELATION OF CHEMICAL COMPOSITION AND THE OPTICAL PROPERTIES 
OF TRIPLITE 
BY E. P. HENDERSON 
STAGES IN THE CONTACT METAMORPHISM IN THE PEND OREILLE DISTRICT 
OF NORTHERN IDAHO : 


BY JOSEPH L. GILLSON 


CRYSTALLOGRAPHIC TABLES FOR THE DETERMINATION OF MINERALS 
BY VICTOR GOLDSCHMIDT AND S. G. GORDON? 
CONVENIENCE OF A ROTATING TABLE IN THE USE OF THE TWO-CIRCLE 
GONIOMETER 
BY S. G. GORDON ? 
CASTS AND PSEUDOMORPHS OF SOLUBLE MINERALS IN THE TRIASSIC 
SHALES OF CENTRAL NEW JERSEY 


BY ALFRED C. HAWKINS* 


MICHROCHEMICAL DETERMINATION OF THE ORE MINERALS 
BY M. N. SHORT 
OCCURRENCE OF RUTILE, ILMENITE, AND LEUCOXEME IN MID-CONTINENT 
SEDIMENTS 
BY L. S. BROWN? 


STILBITE FROM THE KEWEENAWAN LAVAS OF NORTHERN WISCONSIN 


BY STEPHEN RICH ARZ 





1 Read in abstract. 
* Introduced by G. F. Loughlin. 
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CRYSTAL STRUCTURE OF CUPROUS SULPHIDE 


BY L. S. RAMSDELL 


VOTE OF THANKS 


The last paper was finished at 4.45 p. m., after which it was moved 
that the thanks of the Society be extended to the local committee and to 
the authorities of Case School of Applied Science and Western Reserye 
University for their kindness and hospitality. This was seconded and 
unanimously adopted; after which the Society adjourned. 
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INTRODUCTION 


The geologists of North America have for over a century been gather- 
ing facts in regard to the geology of the continent. It is only within 
recent years, however, that the great increase in numbers of working 
geologists has brought a knowledge of the geology of most of the conti- 
nent. There are still large regions about which little is known; for in 
stance, the central part of Canada and most of Mexico. The eastern part 
of the United States has been reasonably well known for a generation, but 
even there certain major features of deformation have only within the 
last decade been found to be systematic. 

It is proposed in this inquiry to describe the chief periods of deforma 
tion and their effects on the continent, and to analyze them into their 
essential parts, both in regard to time and to space. From these ee 
ments certain relations may be found which, if repeated in the mountain 
systems of various ages, may be established as principles. Thus a new 
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point of departure may be attained, from which to launch further and 
more detailed investigation of special factors in diastrophism. Similar 
new points of departure have been attained and found most useful in the 
study of the stratigraphy of the continent. With regard to its structure, 
some parts of it have been carefully analyzed, and on this analysis theo- 
ries have been based, but no general discussion of the structure of the 
continent has heretofore been attempted. Even in this present discussion 
none of the periods of mountain-building will be completely treated, but 
only such systems as are sufficiently well known and preserved will have 
any extended discussion, in order to determine whether the sequence and 
the laws of one system are repeated in others. No attempt will be made 
herein at detailed description, because in the first place space is not suffi- 
cient, and in the second place knowledge is not sufficiently complete ; but 
it is hoped that a sufficient basis will be found for the establishment of a 
theory of order and origin. 


DISTRIBUTION OF MOUNTAIN SYSTEMS 


The continent of North America is shaped like a triangle, with the 
apex at the south. With the main landmass of the continent are in- 
cluded the islands of the West Indies and the Arctic Ocean, including 
Greenland, which are only separated from the mainland by shallow 
waters and narrow straits. South America is even more strongly tri- 
angular, and Africa is as much so, while the triangular shape of the 
continent of Europe and Asia is much less manifest. 

Structural history and also the stratigraphic history of the continent 
are determined from the sedimentary rocks, and can only be read where 
these rocks have been lifted out of their original horizontal position. 
Thus the record of the individual layers can be read in places from 
thicknesses of beds ranging as high as 30,000 or 40,000 feet. If it were 
not for these upturned layers, we would know nothing of the constitu- 
tion of the earth. Furthermore, it is likely that there would not even be 
any land, for the amount of water on the globe is far more than enough 
to cover the present lands unless they had been lifted and still were being 
lifted by mountain-building forces. 

To the mountain systems, therefore, the geologist gives his attention, 
and finds at once that they are near the margins of the continent. When 
the facts are known, it is seen that these mountains actually rose from 
the margins of the seas of that time. In general, the mountains even 
yet are near the continental outline, although some of them—for in- 
stance, the Rocky Mountains in the United States—are now at a con- 
siderable distance from the sea. 
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The great interior of the continent consists in the main of plaing op 
low plateaus in which the rocks have been little or not at all disturbed, 
although they may be of the same age as those which are strongly up. 
turned along the continental margins. The central, least disturbed 
mass is underlain by the oldest rocks of which we have knowledge. They 
underlie the surface over the greater part of Canada and form what is 
known as the Canadian Shield. In the United States their surface de 
clines slightly toward the south and is usually covered with a thin veneer 

| of the Paleozoic and Mesozoic rocks thickening southward. 

In the following table are listed the chief periods of deformation 
which have affected the continent since the beginning of the Paleozoic, 
No attempt is made to list or analyze similar periods which affected pre. 
Paleozoic rocks, on account of the meager information about them, 

although such revolutions are well known to have taken place. No ae. 
. count is taken of the hundreds of oscillations and warpings which change 
the areas of deposition but do not cause differences in dip of adjoining 
systems. 


Order of marked deformations in North America 








Pleistocene .........+- -California, New England, and Great Lakes region. 

(a ee Rocky Mountains, Coast ranges, Basin ranges, Gulf 
Coastal Plain, West Indies, Mexico. 

. eee rrr -Sierra Nevada Range, Alaska to Mexico, Piedmont 
Georgia to Nova Scotia. 

TREE weunantes ctae .- Southern Alaska to northern California. 

erry Appalachians, Ouachita region, including Texas. 

Pennsylvanian ........ Appalachian and Ouachita regions. 

Mississippian ....... .. Ouachita region. 

eee ..New Brunswick, Massachusetts, New York, Illinois, 
southern Alaska. 

Upper Ordovician .....Southeastern New York and Pennsylvania, westerm 
Alaska, Greenland, Newfoundland. 

Lower Ordovician ..... lennsylvania, Tennessee, Alabama. 

Middle Cambrian ..... Vermont. 








Pre-Cambrian ..... . North America in general. 








It will be noted from the above list that the regions affected by thes 
mountain-building pressures vary greatly in position as well as in time. 
One factor they have in common, however, and that is their marginal 
arrangement with reference to the continental outline. Another large 
feature which they exhibit is their increasing intensity in later periods; 
this appears not only in the extent to which the beds have been de 
formed, but also in the areas which have been affected. Another main 
arrangement of the deformations is that those in Paleozoic time were 
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felt in the eastern part of the continent and scarcely at all in the 
western, while the reverse is true for the deformations in the Mesozoic 
and Tertiary. It is seen, too, that the Ordovician and Devonian foldings 
were fairly strong at the north; but were barely felt at the south. 

On the following maps, figures 1 to 4, are indicated the areas affected 
by the chief deformations. In drawing the boundary between the de- 
formed and undeformed areas, there is in most places considerable lati- 
tude, partly because the strata which might record the deformation were 
in large areas covered, and partly because the facts have not always been 
recorded by those who have examined an area for particular purposes. 
There is also a natural gradation along this line which makes it more of 
a zone than a line. The general exposure of the deformed rocks, how- 
ever, is sufficiently close for an examination of their larger features. 

Only those rocks have been considered to be deformed in which de- 
parture from the horizantal is readily ascertained. In most cases it is 
visible to the eye, and in others is determined readily by instruments. 
One chief difficulty lies in the fact that later deformations have intensi- 
fied or obscured the effects of earlier ones. In the western Cordilleras, 
for instance, the geologist is often puzzled in distinguishing the Tertiary 
from the Jurassic deformation, and in the Appalachians in separating 
the Devonian from the Carboniferous folding. The moderate deforma- 
tion of the Devonian and Jurassic were greatly obscured by the stronger 
pressures during Carboniferous and Tertiary time. 

A further and most important feature of the various deformations is 
the direction of thrust. This is made evident in each system by the over- 
turning and faulting of the folds in a given direction and by the angle of 
dip of the greater thrust-planes. Even a moderate knowledge of the 
various systems makes it clear that the thrusts dip away from the con- 
tinent toward the sea, and that the overturning and pressure came from 
the sea. In the Ajypalachians this is the case with very striking uni- 
formity; it is true also of the folds of the same age in the Ouachita 
Mountains of Arkansas and Oklahoma, and it is also the case in the 
Ordovician folds of northern Greenland. The overturning is very much 
obscured in the Jurassic folds of the Cordilleras, but such data as are 
available either show a thrust from the direction of the ocean or can be 
harmonized with such a thrust. The Tertiary ranges of the Rocky 
Mountains show a great preponderance of thrust and overturning from 
the direction of the Pacific toward the interior of the continent. This 
pressure against the continent is a major fact and one of supreme 
importance in considering the various theories of mountain-building, 
and in later pages I shall point out its crucial effect on some of them. 
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FicurRE 1.—Areas of Ordovician Deformation 
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Figure 3.—Areas of Jurassic (Sierra Neradan) 
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Before that, however, I shall discuss the various mountain systems and 
analyze them into separate tracts in which structures of a particular 
kind predominate. First, I shall consider the Appalachian system, 
together with the folds of similar age in the Ouachita Mountains. The 
existence of such structure belts in the Appalachians I have previously 
pointed out,? and I expect here to take a further step in their explana- 
tion. Following this will be a similar analysis of the Rocky Mountains, 
in order to develop such symmetry as may exist between the two moun- 
tain systems. : 
ANALYsIs OF Mountain SYSTEMS 
APPALACHIAN REGION 


General statement.—The map of the subdivisions of the Appalachian 
(Permian) structures (figure 5) shows the following seven belts in order 
from northwest to southeast: 

1. Dome-basin region.—This covers the interior of the United States 
west of the Appalachian Valley with its strong folds, and it reaches the 
Rocky Mountains in New Mexico-and Texas. 

2. Belt of close folding.—The folds are found in all of the Appa- 
lachian Valley. In its northwestern part, as a rule, only folding 
appears, but toward the southeast overthrusts appear. The folds are of 
the type well known as Appalachian and are very long, narrow, closely 
compressed, and overturned to the northwest. Many of the anticlines 
are split by long thrust-faults, which also run straight for long distances, 

3. Zone of folded overthrusts—This belt usually appears near the 
southeastern part of the Appalachian Valley, but locally extends entirely 
across it. The overthrusts appear also in the geanticline, number 4 
the folds are overturned, as usual, toward the northwest. The over- 
thrusts dip toward the southeast, usually at low angles, but are not 


related to anticlines. Overthrust planes and masses are deformed by © 
later folds and thrust-faults, showing a double period of maximum ~ 


compression.. - 


4. Blue Ridge geanticline——This great compound fold is the largest | 


and highest in the Appalachians and is substantially continuous from 
end to end of the system. Some great overthrusts are found in this 
belt as well as in belt number 3. The geanticline also has in its southern 
part a few batholiths of young granite. In this geanticline is seen the 
beginning of metamorphism, which rapidly increases southeastward. 
The minor folds of the geanticline are overturned toward the northwest 
and the majority of the faults dip to the southeast. 


"2 Bull. Geol. Soc. Am., vol. 34, 1923, pp. 309-380. 
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Figure 5.—Divisions of Permian ( 
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5. Belt of normal faults.—In this belt are found normal faults pro- 
duced after the Appalachian revolution. They cut the Triassic sedi- 
ments and may be as late as Jurassic in age. This belt lies far to the 
southeast of the Blue Ridge geanticline in the southern Appalachians, 
but converges on it toward the north and even reaches the Appalachian 
Valley in Pennsylvania and farther north. 

6. Region of batholiths——Within the area outlined batholiths are 
numerous and large, and there are also many areas of older and younger 
rocks. There is a predominance of these batholiths of Carboniferous 
age in Georgia and the Carolinas and also in New England. The batho- 
liths invaded the Blue Ridge geanticline in Georgia and North Carolina 
and also in northern Vermont and northern New Brunswick. 

%. Zone of fan structures—lIn this the planes of folding and schis- 
tosity dip to the northwest—a reversal of the rule of the Appalachians. 
The belt is much interrupted by the later batholiths, and even elsewhere 
its structures are not connected from end to end of the Appalachian 
system. 

The individuality of each belt in the Appalachians is unmistakable, 
and each has a dominant structure which can easily be explained by the 
visible facts of stratigraphy. Similar structure belts are also found in 
the Ouachita region of Arkansas and Oklahoma. They are of the same 
age, but any possible continuity with the Appalachians is concealed by 
Cretaceous deposits. The belts have the same order, but they trend 
east-west and increase in intensity from north to south. Only the first 
three belts are there exposed, the remainder being covered by Coastal 
Plain deposits. The folds are overturned toward the north (the interior 
of the continent) in more cases than toward the south, and the over- 
thrusts dip toward the south. 

In addition to the individual and obvious structures mentioned above, 
the dome-basin region is crossed by two sets of major axes, one set 
trending northwest and the other trending northeast. The greater domes 
stand along lines of uplift which reach northwestward from the salients 
of the folded region where northeastward motion has been greatest, while 
the basins lie along similar lines which join the recesses of the folded 
region where advance toward the northwest has been the least. All of 
these structures have been described and mapped in some detail in a 
previous number of this bulletin.* The conclusion was reached in the 
former publication that all of these structures resulted from pressure 
acting from the southeast—that is, from the ocean toward the continen-, 
tal mass. The additional conclusion was reached that the immediate 


1 Bull. Geol. Soc. Am., vol. 34, 1923. 
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pressure was applied to the folded rocks by means of the plutonic rocks 
of the batholiths. 









CORDILLERAN REGION 


General staiement.—The zones of unit character in the Rocky Moun- 
tain region affected by the Laramide revolution are shown on the map 
(figure 4). There is a general order of these belts, which is the same as 
that in the Appalachians. The parallelism, however, of the belts is not 
as great, especially in the region of normal faulting (Basin ranges), but 
such remarkable uniformity as appears in the Appalachians is hardly to 
be expected to prevail in the enormous region affected by the Laramide 
revolution. A further difficulty is found in the lack of precise knowl- 
edge in the northern and southern thirds of the Cordilleran region, and 
a still greater difficulty, which will always remain an obstacle, is seen in 
the enormous cover of Tertiary volcanic rocks which blotted out older 
structures for many thousands of square miles. Still other difficulties 
are found in the fact that the western part of the Cordilleras was pro- 
foundly affected by the Jurassic (Sierra Nevadan) revolution. To dis- 
entangle the structures of these two periods will in many places be 
impossible, and there is a similar or greater difficulty in separating the 
plutonic rocks of Jurassic age from those of Tertiary age. Within the 
last decade, however, great progress has been made, and the distribution 
of the different structural units in the United States is becoming fairly 
well understood. There are yet considerable areas in Canada and 
Alaska where the dividing lines are only approximately correct. 

It is easily to be seen on the maps that the belts of unit structural 
type, beginning with the dome-basin type at the east and ending with 
the fan structure along the Pacific, are of the same kinds as those seen 
in the Appalachians, the chief differences being those of scale. The order 
of the units is geographically reversed, if the Appalachians and Rockies 
are compared, but the order is the same in each system in its relation to 
ocean and continent. 

1. Dome-basin region.—This has exactly the same sorts of structures 
that appear in connection with the Appalachian revolution. Some of 
the domes and basins are roughly circular, but as a rule they are drawn 
out into oval shapes. The pitch along the axis of each structure is con- 
siderable, but not as great as the dips along the sides of the structure. 
The larger domes are indicated on the map, but in addition to these there 
are thousands of small domes of every size, and the more information 
that is obtained in any region the more domes and basins are discovered. 
The structures are so gentle for both systems that we must conclude that 
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the rocks are not strong enough to have raised the domes by horizontal 
pressure alone; so it is necessary to conclude that a vertical force is also 
responsible in large measure for their existence. The dome-basin belt of 
the Laramide revolution occupies the High Plains of North America 
from the Aretic to the Gulf Coastal Plain. Its width is fairly constant 
through most of this exfent, but it widens greatly, so as to include the 
Gulf and also Florida, western Cuba, and Yucatan. The Gulf itself is 
structurally a great basin—the largest in this system of folding. 

2. Belt of folding—The belt of strong folding is found along the 
eastern front of the Cordilleras, including all of the Rocky Mountains 
and their extensions into Alaska, and through Mexico to the Caribbean 
Sea. So far as it is known now, the belt seems to be narrower in Mexico 
than elsewhere. Better knowledge of that region may reduce this seem- 
ing difference. The belt narrows in British Columbia, but widens again 
in Yukon Territory and Alaska. In the latitude of Utah and Colorado 
it is widest and most complex. The folds are characterized by great 
length, but individual folds are somewhat broader in proportion to their 
length than those in the Appalachians. This is most markedly the case 
in Montana, Wyoming, and Colorado. In this region the folds are less 
closely squeezed than in the Appalachians, on account of the differences 
in stratigraphy, which will later be discussed. ‘They are also more irteg- 
ular in the Rockies, both in trend and in altitude, and the axes rise and 
fall, so that there is a considerable pitch at the ends of each fold. In 
this’ divisions, furthermore, as in the dome-basin region, some of the 
folds are so broad that the rocks are plainly not competent to raise and 
sustain the arches unless they were pushed upward by vertical forces. 
This feature is most pronounced in the plateau region of Arizona and 
New Mexico. The folds of this division are in the main overturned 
toward the east, and the thrust-faults which develop from the anticlines 
dip westward more often than in any other direction. In a single range, 
however, the overturning and the thrust may be first on one side of the 
axis and then on the other. The most striking example of this and the 
other irregularities of this belt is seen in the Big Horn Mountains of 
Wyoming, which form nearly a semicircle and in which the thrust-faults 
in places dip southwest, northeast, and north. 

3. Belt of folded overthrusts——This zone, which lies west of the belt 
of folding, is about as strongly developed as that of the Appalachians. 
Its known length in the United States and adjoining Canada is as long 
as that of the Appalachians, and it is probable that overthrusts will be 
found also in eastern Alaska, although only the ordinary thrust-faults 
have so far been described. The overthrusts are not connected with 
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individual anticlines, and they have been extensively faulted and folded 
by later deformation. In the amount of throw and in later deformation 
they are very closely like the Appalachian overthrusts. They dip toward 
the west and originated as great shear planes in response to forces from 
the direction of the Pacific toward the continent. In only one respect 
do they differ from the Appalachian overthrusts, and that is in its posi- 
tion with reference to the folded belt. The belt of overthrusts which in 
Canada and Montana parallels the closely folded belt (and in fact has 
nearly overridden it) diverges from the folded belt in Wyoming and 
Utah and trends southwestward into southern California. In southern 
Utah and in Arizona the broad dome of the high plateaus comes between 
these two units. This departure from the usual parallelism of the belts 
has a definite explanation in terms of stratigraphy and will in later 
pages be discussed. 

4. Geanticlinal belt-—The major geanticline of this system is only 
imperfectly known. Much of the territory where it should be expected 
is unknown in detail, much is covered by Tertiary volcanics, and much 
is swallowed up in Tertiary batholiths. It appears to occupy the posi- 
tion of the mountain ranges formed at the end of the Jurassic and to 
follow in a general way the course of the Sierra Nevada. The first trace 
of it appears in the Devonian folding of eastern and southern Alaska. 
It became important at the end of the Triassic from Alaska to California 
and reached its climax in late Jurassic time. During the Cretaceous 
this movement continued to rise and to keep out the deposits of the 
Pacific from the eastern Cordilleran region. The growth of this gean- 
ticline through several geologic periods and its final annexation to the 
mainland strictly parallels the growth of the Blue Ridge geanticline. 
The difficulties of tracing this southward into Mexico are greatly in- 
creased by the general dissection of the country into normal fault-blocks 
and the wholesale filling of the valleys, so that only widely separated 
mountains reveal the structure. Long and detailed studies are necessary 
before these disconnected bits can be brought into a system. The exist- 
ence of the geanticline, however, is plain in the United States and por- 
tions of the Dominion of Canada; it also appears strongly in the Alaska 
Range in Alaska. 

5. Region of normal faults ——This is one of the most extensive divi- 
sions of the Laramide deformation. Normal faults, as distinct from 
and later than the thrust-faults, are found in all parts of the system. 
By far the greatest development of normal faults is that seen in the basin 
ranges of Utah, Nevada, southern California, Arizona, and New Mexico. 
This belt passes southward into Mexico and forms,the commonest struc- 
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ture throughout the length of that country. Normal faults are also 
found cutting earlier structures in Alaska. Even in the dome-basin 
region they are found, the most extensive group being in south-central 
Montana, where an east-west belt of them has been formed by the excess 
thrust eastward on the salient in northwest Wyoming. All of these are 
short and trend northeast across the belt. A great series of normal 
faults parallel to the chain and to the folds is seen in northern Idaho and 
in British Columbia. As was the case in the Appalachians, the belt 
of normal faulting, being distinctly later than the folding and due to 
entirely different forces, transgresses the divisions where folding is 
prominent. In the main, however, it lies between the major folding and 
the Pacific. 

6. Region of batholiths.—The batholiths associated with the Laramide 
revolution are known to have considerable extent in the United States 
and in Alaska, but they are so like the very widespread batholiths of the 
Sierra Nevadan revolution that only careful work has brought them to 
light. Their full extent in Mexico is practically unknown, and the same 
is true in western Canada. Thus in the United States they occupy a 
general belt, beginning in southern California, widening northward so 
as to take in all of Idaho, the eastern part of Nevada, part of Utah, and 
the western part of Montana. The belt apparently diminishes rapidly 
toward the north in Canada and occupies a general position west of the 
great salient of Wyoming. A second and almost a duplicate tract 
traverses central Alaska from Bering Sea to Yukon Territory and there 
seems to disappear. The position of this batholithic center south of 
(behind) the great salient of eastern Alaska corresponds exactly with 
that of the Idaho center behind the Wyoming salient. A third tract 
appears in northern Mexico, but its boundaries can be hardly more than 
suggested. 

EXPLANATION OF STRUCTURE VARIATIONS 
CONTROL OF STRUCTURE BY STRATIGRAPHY 


General statement.—The comparison just made of the belts of unit 
structure in the Appalachians and the Cordilleras shows a high degree of 
identity between the two systems. The differences between them are 
those in scale and not in kind and, to a small extent, of difference in 
relative position of the units. The agreement is so strong that it com- 
pels attention and requires that an attempt be made to explain the 
systems in the same way. Accordingly, the Appalachian system will be 
analyzed in some detail in order to find the reason for the variations in 
type of yielding to pressure. 
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In my previous paper on the Appalachians the conclusion was drawn 
that the differences in type of structure were due to the large differences 
in the make-up of the stratigraphic succession. It has long been a 
matter of observation that rocks differ enormously in their way of yield- 
ing to pressure. These ways which exist in nature have been repro- 
duced by experiment, and Willis crystallized this knowledge in the terms 
“competent” and “incompetent” beds. Competent beds were able to 
transmit thrust from one region to another with a minimum of folding, 
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Figure 6.—Relation of stratigraphic Section to Deformation 


while incompetent beds yielded readily and were deformed where the 
pressure was applied, but did not transmit it far. Natural illustrations 
of these differences are familiar to all geologists who work in regions 
where rocks are folded. Since accumulations of strata vary much from 
top to bottom and also from place to place, it is obvious that with these 
factors of change comes a tendency to local differences in yielding. Since 
this cause of variety is everywhere present and must be everywhere active 
if pressure is applied, it is clear that this should be one key to the 
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problem, if not the only one. It has the advantage of being a simple 
key and of requiring only a moderate knowledge of the details of a 
modern range. 

Appalachians.—The Appalachian system has-been tested by the above- 
mentioned key* and the kind of deformation has been found to agree 
almost perfectly with the changes in the stratigraphic column. The 
stratigraphic column most likely to produce thrust-faults consists of a 
middle competent part with a considerable thickness of weak beds below. 
The column which is most likely to produce folds without faults contains 
a competent mass below, overlain by weak beds. In the first arrange- 
ment the competent mass transmits the thrust and slides freely over the 
underlying weak beds. It is unsupported at the top and bottom and 
accordingly breaks, while the weak beds below are severely folded. In 
the second section the competent beds below move as a unit with the 
underlying granites and gneisses of the earth’s crust, while the weak beds 
simply ride along on the competent beds. The competent layers have 
no tendency to break, since they are supported from below, unless the 
basement granites and gneisses themselves are broken and faulted. 

In the folded belt of the Appalachians the fault-producing section 
appears in two large. tracts, one being from Virginia southwest and the 
other in Vermont and adjoining parts of Canada. In the remaining two 
tracts of the Appalachians the fold-producing combination is found, as 
shown on the accompanying map (figure 6). The regions where the 
stratigraphic column has a central competent part are characterized by a 
great excess of faulting, as was to have been expected, and similarly 
where folds alone were to have been expected from the competent base 
of the section, folds prevail and faults are rare. The boundaries between 
these stratigraphic subprovinces in the Appalachian folded belt cross 
that belt at an acute angle, accompanied by the appropriate change from 
folds to faults, or vice versa. 

Rocky Mountains (Laramide revolution).—The relation of the com- 
petent to weak beds needs no special demonstration in the Rocky Moun- 
tains. A principle of that sort, once determined, is applicable every- 
where and at all times. The key which solved the problem of these 
thrusts in the Appalachians should now be tried in the Rockies, and if . 
the problem is solved there that should establish that cause or key as a 
leading principle in mountain-building. For the greater part of the 
Rocky Mountains in the United States that stratigraphic succession is 
found which permits folding with minimum faulting. A great triangle, 


* Keith, loc. cit. 
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which has its apex at the boundary of Canada and widens to the south 
so as to cover the width of Arizona and New Mexico at the Mexican bor- 
der (see figure 7), is underlain by relatively thin Paleozoic beds, begin- 
ning with Upper Cambrian quartzite capped by limestones of Ordovician, 
Silurian, and Devonian age, which vary much from place to place. Over 
these are found Mississippian and Pennsylvanian limestones, so that the 
whole Paleozoic section is a competent one resting directly on the older, 
more competent pre-Cambrian. Above the Paleozoic lies a great thick- 
ness of Mesozoic sandstones, shales, and limestones; all but the base of 
these form the incompetent part of the section. 

The expectation of folding with little faulting, furnished by this 
succession, is fully borne out by the facts. Such faults as appear are 
comparatively short and are derived from anticlines, here on one side of 
the axis and there on the other. The amount cf tangential shortening is 
what might be expected from the difficulty of compressing the pre-Cam- 
brian floor, and indeed is such as to have led some geologists to question 
whether there has been any horizontal compression. The pre-Cambrian 
rocks, however, are susceptible of deformation, not alone by folding, but 
also by interstitial mashing and crushing, which may produce the up- 
ward swelling and pressure which seem so plain in most of these folds. 
The great dome of the plateaus in Arizona, for instance, could not possi- 
bly be raised by tangential thrust, since the sedimentary rocks are far too 
weak to support so flat an arch, yet they have been uplifted for thousands 
of feet. 

OVERTHRUSTS AND PRE-CAMBRIAN FLOOR 


Appalachians.—Thus the key fits perfectly in explaining the variations 
of the ordinary Appalachian folds and faults. Let us next test another 
conspicuous form of structure in the Appalachians—that is, the low- 
angle, folded overthrusts. These exhibit the maximum instances of yield- 
ing to pressure, and in them’a horizontal motion of at least 20 miles has 
been determined in several cases by geologists working independently. 
In four regions as widely separated as Alabama and Vermont these over- 
thrusts have been determined to pass down into pre-Cambrian granite 
and gneisses.* In two separate regions an overthrust is so well exposed 
that the attitude of the original plane of thrust has been determined ;* 
in each case the break was on a shear plane dipping originally south- 


* Arthur Keith: Roan Mountain Folio, No. 151, U. 8. Geol. Surv., 1907. 
Idem: Bull. Geol. Soc. Am., vol. 38, No. 1, 1927, p. 154. 

Idem: Manuscript report. 

George I. Adams: Geology of Alabama, Alabama Geol. Surv., 1927. 

* Keith: Roan Mountain Folio and Bull. Geol. Soc. Am., loc. cit. 

Idem : Bull. Geol. Soc. Am., vol. 38, No. 1, 1927, p. 154. 
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eastward at angles of less than 20 degrees, as shown in figures 8 and 11, 
Other instances of overthrusts have been recently found by other geol- 
ogists. 

While these great overthrusts are more common—in fact, are fairly 
continuous—along the southeast side of the Appalachian Valley (see fig- 
ure 7), they are not limited to that position, but are found in various 
parts of the valley, even in places at its northwestern margin.’ Thus the 
conditions which led to their formation must be found in’ most of the 
area of the valley. A long study of the Appalachians has disclosed to 
me the fact that these differences are best determinable in Vermont and 
in the Province of Quebec. After much labor, the extremely compli- 
rated sections there have resolved themselves into two belts which differ 
extremely in their stratigraphic section. A western belt is composed of 
granite and gneiss covered by thin Upper Cambrian quartzite and Ordo- 
vician dolomites with an overlying mass of Ordovician shale. This sec- 
tion is of the kind which permits only a minimum of deformation, either 
by folding or faulting. The eastern type of stratigraphic column is very 
different indeed, for the Archean granites and gneisses are covered by 
thousands of feet of Algonkian schist and phyllite. On these rest thou- 
sands of feet of massive dolomite, shale, quartzite, and limestone of 
Lower and Middle Cambrian age. Above these are Upper Cambrian 
shale, Ordovician dolomite, limestone, and shale, with a thick cap of 
Ordovician shale at the top. This section affords an extremely com- 
petent central mass with a great thickness of weak beds below and a 
heavy mass of weak beds above. This section fulfills the requirements 
for thrusting most fully, and nowhere in the Appalachians is thrusting 
so far in excess of folding as in this tract. 

Another factor appears in these Vermont sections, and that is the 
abrupt slope of the pre-Cambrian surface with the high ground at the 
west and the low at the east. There is a descent from west to east of 
over a mile, and this depth is filled in large part with Lower Cambrian 
sediments, which also are limited to the east. This general stratigraphic 
section was highly advantageous to yielding, and faulting appears to 
have absorbed most of the Appalachian thrust, so that the thin Paleozoic 
cover around the Adirondack dome is only disturbed by small normal 
faults and rarely dips more than 10 degrees. The section (figure 8) 
brings out these relations of the pre-Cambrian floor and overlying beds 
to the type of deformation. Two things then combine in this location to 


} 7B. ‘B. “Knopf and A. I. Jonas: Crystalline rocks of Baltimore County, Md. Mss. 
report submitted to State Survey in 1922. 
M. R. Campbell: Virginia Geological Survey, Bull. XXV, 1925. 
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produce an excess and a concentration of deformation: one is the strong 
slope of the pre-Cambrian floor, and the other is the capacity of the 
sedimentary mass to yield and to absorb the pressure. 
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Fictre 8.—Structure Section in Northwest Vermont: Keith 
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Ficure 10.—Structure Section of Cumberland Mountain, Tennessee: Butts 
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Figure 11.—Structure Diagram near Great Smoky Mountains, Tennessec: Keith 


The question arises, Is this a special explanation for that limited 
region, or is it of general application? The sharp boundary between 
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these kinds of faulting curves northeastward through the Province of 
Quebec to the Saint Lawrence River, and thence follows that stream in a 
general way through the Gulf of Saint Lawrence and between Newfound- 
land and Labrador. It is accompanied through this distance, which is 
half of the length of the Appalachian chain, by the above-mentioned 
great change in the stratigraphic section and consequently in the attitude 
of the pre-Cambrian floor. Southward from Vermont, through the 
Appalachians, the pre-Cambrian floor west of the line of division is con- 
cealed south of the Adirondacks and of Lake Champlain. The abrupt 
change in structure, however, is fully as marked and crosses the Hudson 
and Mohawk valleys in a straight line south to the east margin of the 
Catskill Mountains. There the change from almost undisturbed rocks 
to those which have been heavily folded and faulted is as sharp and 
strong as it is at the north, where the pre-Cambrian is exposed. This 
line at the border of the Catskills was also the limit of a sharp, although 
local, deformation at the close of the Ordovician. 

Southwestward in Pennsylvania the contrast in type is not shown by 
a line, but rather by a zone. In Virginia, however, the distinction again 
becomes sharp at the west border of the Appalachian Valley, where the 
moderate, open folds of the west are sharply replaced by the closed folds 
and thrust-faults of the valley. Thence southwestward, to the disappear- 
ance of the Appalachians in Alabama, the strata of the west, with little 
or no folding, are sharply upturned at the margin of the valley with a 
substitution of close folds and numerous faults. The conclusion is war- 
ranted, therefore, that the striking contrast of structure, which is visibly 
due in the north half of the Appalachians to the great change in the 
stratigraphic section, is due also to the same cause in its direct continua- 
tion toward the southwest. 

This conclusion implies the rise of the pre-Cambrian floor from an, 
easterly basin to neighboring land at the west. The easterly basin was 
present, as is shown by the great thickness of Lower Cambrian and 
Algonkian sediments in that direction. The presence of a neighboring 
land is shown by the character of the Lower Cambrian sediments in 
lower Virginia, Tennessee, and Alabama. The Lower Cambrian quartzites 
of the Chilhowee group thicken toward the west in this part of the 
Appalachians, as in all others. The Lower Cambrian limestones of the 
east become shales at the west, while the Lower Cambrian Rome forma- 
tion consists of shale and limestone at the east (Watauga), but becomes 
more and more sandy and largely composed of sandstone at the west. 
The plain indications of nearby land which these formations give is 
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supported by the actual overlap of the Upper Cambrian on the pre-Cam- 
brian granite in Oklahoma, Arkansas, and Missouri. 

The great change in the stratigraphic succession between the Ouachita 
and Arbuckle Mountains of Arkansas and Oklahoma has long been 
known. Faults have been described by various geologists, but only last 
year have any been determined to be folded overthrusts.* The weak 
lower part of the Paleozoic section in the Ouachita Mountains disappears 
rapidly toward the north, so that in northern Arkansas the pre-Cambrian 
granite is immediately followed by the Upper Cambrian sandstone and 
the Ordovician dolomites, which constitute the competent part of the 
general column. ‘To the west, in the Arbuckles, the competent Ordo- 
vician and Cambrian strata rest directly on the pre-Cambrian granite. 
The great change in sequence there is accompanied by a tremendous 
development of overthrusting at the south and of vertical doming with 
marginal, normal faults on the north side of the line of change. Thus 
the expectation of this relation carried through the southern Appa- 
lachians is completely verified by the stratigraphy and the structures of 
the same age a few miles to the west in Arkansas. The geographic rela- 
tion of these structures is seen in figure 7. The fact of a western land is 
fully authenticated, and the only question is the position of the margin 
where the Lower Cambrian seas began. The probabilities as to its posi- 
tion are perfectly clear when the broad units of structure are followed. 
Thus the deep trough of sediments was caught between the western 
buttress of pre-Cambrian and the geanticline rising at the east and 
thrusting forward from the sea toward the continent. 

tocky Mountains.—When the distribution of the great overthrusts in 
the Rocky Mountains is considered, a story may be read entirely different 
from that of the belt of folding. The difference is not only one of kind, 
but in position also a discordance is seen so tremendous that the zone of 
overthrusts which lies at the Rocky Mountain front in Montana diverges 
from the front toward the south until at the Mexican border it is 600 
miles west of the front. This is a startling discrepancy in the position 
of two major structural units. The first discovery of these folded over- 
thrusts was made by McConnell® in Alberta in 1884. This was indeed 


the first discovery of such a fault in America. Since that time great 
progress has been made, mainly in this century, in the discovery of sim- 
ilar folded overthrusts. Each year further studies added to the total 
until the general distribution of the belt of overthrusts is fairly clear. 


‘SH. D. Miser: Bull. Geol. Soc. Am., vol. 38, 1928. 
°R. G. McConnell: Geological structure of a portion of the Rock Mountains. Geol. 
and Nat. Hist. Surv. of Canada, 1887. 
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The belt is now known to extend near the border of British Columbia . 


and Alberta for 300 miles or more from the United States boundary, and 
it passes south and southwest in a great curve from Montana into south- 
ern California, .as is shown on the map (figure 7). 

In testing the relation of this overthrusting to the stratigraphic sue- 
cession, it is well to begin at the north, where the overthrusts have been 
longest known and where their age and magnitude are well shown, 
Analyzing the stratigraphic column there into competent and weak 
units, we find that there are a strong, competent, central part overlain by 
a mass of weak Mesozoic rocks (shale, sandstone, limestone, etcetera) and 
underlain by thousands of feet of weak Algonkian beds, largely shale, 
capped by a smaller thickness of weak early Cambrian strata. Thus the 
stage was set for the development of thrusting on a large scale. 
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‘ Figure 12.—Structure Section in Rocky Mountains, Alberta: McConnell 


Analyzing the situation still further to determine the attitude of the 
pre-Cambrian floor, it is seen that in the Yosemite region and southward 
along the Rocky Mountain front the weak lower member of the strati- 
graphic succession is gone, and that the competent, middle portion rests 
directly on the even more competent pre-Cambrian. There is thus 
shown a rise of the pre-Cambrian surface from the deep western trough 
to an eastern land which is part of the interior rigid mass of the Cana- 
dian shield. Thus the relation seen in the Appalachians of an interior 
buttress and a marginal trough filled with weak Sediments is repeated in 
the Rocky Mountains, with the inevitable result of tremendous over- 
thrusting toward the central mass. In western Montana great folded 
thrusts were shown by Calkins (figure 13) dipping toward the west. 
Mansfield,’® southeastern Idaho, has discussed several great overthrusts, 
folded and faulted but dipping westward as a whole (figure 14). In 
northwestern Wyoming, Dake and Hewett" described a folded thrust 


1” G. R. Mansfield: The Bannock overthrust, etc. Journ. Geol., vol. XX; 1914, pp 
681-709. 
F. C. Calkins: Philipsburg Folio, No. 196, U. S. Geol. Surv., 1915. 
uc, L. Dake: Heart Mt. overthrust and associated structures in Park Co., Wyoming, 
Journ. Geol., vol. XXV, 1918, pp. 45-55. 
D. F. Hewett: Heart Mt. overthrust, Wyoming. Journ. Geol., Vol. XXVIII, 1920, 


pp. 526-557. 
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FIGURE 14.—Structure Section in southeastern Idaho: Mansfield 
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FIGURE 15.—Structure Section in southeastern California: Hewett 
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FIGURE 16.—Stratigraphic Diagram in southern Nevada: Longwell 
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dipping toward the west. In the Wasatch Range of Utah thrusts have 
been described by Blackwelder, Hintze,’* and Calkins.** In southern 
Nevada Longwell'* has figured thrusts dipping toward the west in the 
Muddy Mountains and adjacent ranges. In southern California, Hew- 
ett’® has described thrusts in the region immediately adjoining Long- 
well’s which also dip toward the west. 

Near Banff, in British Columbia, Walcott*® notes the westward thick- 
ening of the Cambrian to a maximum of 10,000 feet. Calkins’? shows 
that in western Montana the Cambrian increases greatly to the west, 
and that the Algonkian does the same. 

Near Salt Lake City, Utah, Hintze describes the tremendous north- 
eastward thinning of the Cambrian beds beneath the competent central 
limestone mass. The same relation has been brought out, even more 
plainly, by Longwell in his southern Nevada work, wherein he shows a 
westward thickening of the Cambrian, or weak, lower member of the 
section, from 500 feet at the east to 15,000 feet or more at the west (see 
figure 16). These four instances (British Columbia, western Montana, 
Utah, and Nevada) establish the general attitude of the pre-Cam- 
brian floor to be a westward dip amounting vertically to two or three 
miles. In this caleulation the Cambrian floor is considered to consist of 
granite, gneiss, and schist; so that the Algonkian Belt sediments, being 
an incompetent mass, are grouped with the Cambrian. Moreover, the 
Belt strata were folded before the advent of the Cambrian, and then had 
a considerable dip toward the west, which furnished an extra facility for 
the formation of the great overthrusts. 

In short, the identity of the belt of overthrusts with the belt underlain 
by a thick section of weak Cambrian or Algonkian beds and floored by a 
westward slope of pre-Cambrian granite and gneiss is so complete that 
they must be acknowledged as cause and effect. The practical identity 
of this relation through the whole extent of the Appalachians, and also: 
in the Rocky Mountains, as far as knowledge is available, establishes this 
relation as a leading structural principle in these ranges. 

In further work in the Rocky Mountains, not only in the United 
States, but in Mexico, Canada, and Alaska, great overthrusts may, there- 


122 F. F. Hintze: Contribution to geology of the Wasatch Mts., Utah. Ann, N. Y. Acad. 
Sci., vol. XXIII, pp. 85-143. 

“=F. C. Calkins: Thrust-faulting in the Cottonwood District, Utah. Jour. Washing- 
ton Acad. Sci., vol. 11, No. 17, 1921, p. 422. 

4“ (C. R. Longwell: Structural Studies in southern Nevada and western Arizona. Bull. 
Geol. Soc. Am., vol. 37, 1926, pp. 551-584. 

oD. F. Hewett: Bull. Geo, Soe. Am., vol. 38, 1928. 

“«C, D. Waleott: Pre-Devonian sedimentation in southern Canadian Rocky Mts. 
Smithsonian Mise. Coll., vol. 75, No. 4, 1927. 

uF. C. Calkins: Philipsburg Folio. 
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fore, be expected where the Paleozoic succession contains a weak lower 
member overlain by a massive, competent, middle member. The over- 
thrusts of Montana and Alberta seem to die out about 300 miles from 
the border, and the weak member of the section (the Belt Series) dis- 
appears in the same general position. No thick Lower Cambrian section 
is yet known in Alaska, but the difficulty of securing data there and the 
large territory as yet unknown permit an expectation at least that over- 
thrusts will be discovered. This view is supported by a sharp change 
along the upper Yukon from metamorphosed to unaltered strata, which 
indicates that overthrusts have brought together beds once far apart.?* 
The same possibility exists in Mexico, but the handicap there is even 
greater, on account of the tremendous cover of young volcanics and 
Pleistocene deposits and the greater dissection of the Paleozoic and 
older rocks into disconnected bodies. 

The attitude of these overthrusts is of paramount importance in the 
structure of the continent. The eastward dip of the Appalachian over- 
thrusts has long been common knowledge and has been emphasized 
repeatedly. The westward dip of the Laramide overthrusts deserves 
greater emphasis, perhaps, until that fact becomes as well established as 
the fact in the Appalachians. Both groups were developed by tangential 
thrust from the direction of their respective oceans toward the unyield- 
ing central mass of the continent, and they were localized in the deep 
marginal basins, where the lower part of the section was weak and the 
central part was competent. This arrangement provided the oppor- 
tunity for overthrusting and for the concentration of lateral yielding. 
This does not mean that there was no yielding in the other parts of the 
two systems, even in the most rigid interior parts of the continent. The 
proportion of lateral shortening to vertical uplift is vastly different, 
however: so that in the interior the vertical element is in excess, while 
in the folded and overthrust belt it forms a very small minority. 


DOMZ-BASIN STRUCTURES 


This kind of structure is by no means the least important, either in 
the Appalachian or the Laramide deformation. To some extent the two 
sets overlap, especially in Texas, where they converge on each other 
toward the south. Northward they diverge, and the influence of the 
respective revolutions can only be traced for short distances into the 
region of the Canadian Shield. The types of structure produced are 
exactly the same, although there is considerable difference in age. The 
larger domes of the Appalachian series date back to the Middle Cam- 


J. B. Mertie: Oral communication. 
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brian, and from time to time at later ages there was renewed uplift on 
them. As a rule, the motion was sufficient to produce only slight 
oscillation and overlap, but occasionally it formed slight folds and 
faults, as was the case in the Devonian on the north side of the Ozark 
dome and adjoining territory. These were only the tentative beginnings 
of the unrest which grew in the Mississippian and Pennsylvanian, and 
culminated in the Permian in the Appalachian revolution. So in the 
Rocky Mountains dome-shaped areas appeared from time to time, result- 
ing in erosion and overlap of certain formations. The position of these 
domes was less constant, however, than in the Appalachians, and there 
is such a marked degree of identity in the formations which surround 
most of the domes that we must conclude that originaily the domes were 
covered by these formations. 

A fine example of a dome which was common to both the Appalachian 
and the Laramide revolutions is seen in the Llano uplift in central 
Texas. This, however, is exceptional, for in most of the adjoining terri- 
tory a Laramide dome in the Cretaceous is not at all likely to be under- 
lain by an Appalachian dome in the Paleozoic. The conclusion that a 
Cretaceous dome was likely to be underlain by a Paleozoic dome has led to 
large losses in drilling for oil. In western Kansas and Nebraska, for 
instance, the Appalachian and Laramide structures have practically no 
relation to each other. In fact, there is a great variety in the down- 
ward extension of even the Appalachian folds in the dome-basin region. 
In many cases domes increase downward in strength, indicating repeated 
small uplifts in one locality, but in other cases an anticline at the surface 
may be underlain at depth by a shallow syncline. 

A curious duplication in structures of a very special kind is seen in 
two belts of normal faults of Oklahoma and Montana. In Oklahoma an 
Appalachian belt trends northward nearly across the middle of the State, 
but is composed of a great series of short faults trending northwest. 
These are situated northwest of the salient of thrusting shown in Arkan- 
sas and Oklahoma and are situated where the Paleozoic competent section 
rests on the pre-Cambrian granite. They are due, no doubt, to the 
torsion put on the pre-Cambrian granite by the excess northward motion 
at the overthrust salient. In Montana a similar belt trends east-west 
and is composed of short, individual faults trending northeast. They 
lie just northeast of the salient of overthrusting in northwestern Wyo- 
ming and Montana, and beneath them the competent Paleozoic masses 
rest on the pre-Cambrian. granite. Here again a torsion seems to have 
been applied by the excess forward motion at the overthrust salient which 
sheared the competent masses. 
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In both dome-basin divisions normal faults of a special kind are 
found. These are associated with the principal domes and are especially 
well shown around the Appalachian Ozark dome in Missouri, Arkansas, 
and Oklahoma, and, to a less extent, around the Laramide Black Hills 
dome in South Dakota. Many scattered instances of these faults are 
seen in the domes of the Rocky Mountains and the great Colorado River 
plateaus. These faults are not due to settling and extension of the 
crust, as is commonly believed for all normal faults, but to differences in 
the amount of uplift when the domes were formed. Some of these faults 
on the northeast side of the Ozark dome were formed in Devonian time, 
but most of them, on the’south and west sides of the dome, were of Mis- 
sissippian and Pennsylvanian age. 

The Llano dome in central Texas is a surprising example of normal 
faults of this class. One set of them, produced there in the Appalachian 
revolution, was worn down and covered over with the Cretaceous sedi- 
ments; and then a second set, produced farther out around the margin 
of the dome, was formed during the Laramide revolution. The chief 
zone of the Laramide normal faults forms a semicircle around the dome 
from the Rio Grande almost to Oklahoma, where it bends sharply east- 
ward; this is called the Balcones zone. East of this, and parallel to it 
for a short distance, stands the Mexia-Powell zone—formed at a slightly 
different date, but in the same general revolution. Each of these zones 
consists of many disconnected faults substantially parallel to each other 
and to the zone itself. 

BATHOLITH ZONE 


Appalachian revolution—The zone in which batholiths are found in 
the Appalachians is shown on the map, figure 5. The areas there 
represented are not continuous batholiths, but represent tracts within 
which the batholiths are found. As a rule, batholiths are not now far 
separated from each other at the surface. Many of them show only 
their summits, but their downward extension can be reasonably inferred. 
The similarity of these granites from one end of the Appalachians to 
the other is so great and their proximity to each other at the surface is 
such that it is reasonable to conclude that they are to a large degree 
cornected at greater depths in the crust. The amount of continuity, 
therefore, at the surface is in part a function of depth of erosion. It is 
not wholly so, however, because batholiths of similar size »re found in 
various parts of the Appalachian structures and even appear in some 
synclines, where erosion is plainly less than in anticlines which do not 
contain batholiths. 
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brian, and from time to time at later ages there was renewed uplift on 
them. As a rule, the motion was sufficient to produce only slight 
oscillation and overlap, but occasionally it formed slight folds and 
faults, as was the case in the Devonian on the north side of the Ozark 
dome and adjoining territory. These were only the tentative beginnings 
of the unrest which grew in the Mississippian and Pennsylvanian, and 
culminated in the Permian in the Appalachian revolution. So in the 
Rocky Mountains dome-shaped areas appeared from time to time, result- 
ing in erosion and overlap of certain formations. The position of these 
domes was less constant, however, than in the Appalachians, and there 
is such a marked degree of identity in the formations which surround 
most of the domes that we must conclude that originally the domes were 
covered by these formations. 

A fine example of a dome which was common to both the Appalachian 
and the Laramide revolutions is seen in the Llano uplift in central 
Texas. This, however, is exceptional, for in most of the adjoining terri- 
tory a Laramide dome in the Cretaceous is not at all likely to be under- 
lain by an Appalachian dome in the Paleozoic. The conclusion that a 
Cretaceous dome was likely to be underlain by a Paleozoic dome has led to 
large losses in drilling for oil. In western Kansas and Nebraska, for 
instance, the Appalachian and Laramide structures have practically no 
relation to each other. In fact, there is a great variety in the down- 
ward extension of even the Appalachian folds in the dome-basin region. 
In many cases domes increase downward in strength, indicating repeated 
small uplifts in one locality, but in other cases an anticline at the surface 
may be underlain at depth by a shallow syncline. 

A curious duplication in structures of a very special kind is seen in 
two belts of normal faults of Oklahoma and Montana. In Oklahoma an 
Appalachian belt trends northward nearly across the middle of the State, 
but is composed of a great series of short faults trending northwest. 
These are situated northwest of the salient of thrusting shown in Arkan- 
sas and Oklahoma and are situated where the Paleozoic competent section 
rests on the pre-Cambrian granite. They are due, no doubt, to the 
torsion put on the pre-Cambrian granite by the excess northward motion 
at the overthrust salient. In Montana a similar belt trends east-west 
and is composed of short, individual faults trending northeast. They 
lie just northeast of the salient of overthrusting in northwestern Wyo 
ming and Montana, and beneath them the competent Paleozoic masses 
rest on the pre-Cambrian granite. Here again a torsion seems to have 
been applied by the excess forward motion at the overthrust salient which 
sheared the competent masses. 
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In both dome-basin divisions normal faults of a special kind are 
found. These are associated with the principal domes and are especially 
well shown around the Appalachian Ozark dome in Missouri, Arkansas, 
and Oklahoma, and, to a less extent, around the Laramide Black Hills 
dome in South Dakota. Many scattered instances of these faults are 
seen in the domes of the Rocky Mountains and the great Colorado River 
plateaus. These faults are not due to settling and extension of the 
crust, as is commonly believed for all normal faults, but to differences in 
the amount of uplift when the domes were formed. Some of these faults 
on the northeast side of the Ozark dome were formed in Devonian time, 
but most of them, on the’south and west sides of the dome, were of Mis- 
sissippian and Pennsylvanian age. 

The Llano dome in central Texas is a surprising example of normal 
faults of this class. One set of them, produced there in the Appalachian 
revolution, was worn down and covered over with the Cretaceous sedi- 
ments; and then a second set, produced farther out around the margin 
of the dome, was formed during the Laramide revolution. The chief 
zone of the Laramide normal faults forms a semicircle around the dome 
from the Rio Grande almost to Oklahoma, where it bends sharply east- 
ward; this is called the Balcones zone. East of this, and parallel to it 
for a short distance, stands the Mexia-Powell zone—formed at a slightly 
different date, but in the same general revolution. Each of these zones 
consists of many disconnected faults substantially parallel to each other 
and to the zone itself. 

BATHOLITH ZONE 


Appalachian revolution—The zone in which batholiths are found in 
the Appalachians is shown on the map, figure 5. The areas there 
represented are not continuous batholiths, but represent tracts within 
which the batholiths are found. As a rule, batholiths are not now far 
separated from each other at the surface. Many of them show only 
their summits, but their downward extension can be reasonably inferred. 
The similarity of these granites from one end of the Appalachians to 
the other is so great and their proximity to each other at the surface is 
such that it is reasonable to conclude that they are to a large degree 
cornected at greater depths in the crust. The amount of continuity, 
therefore, at the surface is in part a function of depth of erosion. It is 
not wholly so, however, because batholiths of similar size are found in 
various parts of the Appalachian structures and even appear in some 
synclines, where erosion is plainly less than in anticlines which do not 
contain batholiths. 
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The extent ascribed to the Appalachian batholiths rivals, but is not as 
great as, that of the Sierra Nevada batholiths. The latter are found to 
be practically continuous across the United States and Canada and to 
extend far through Alaska. They are reasonably inferred to extend for 
the whole length of the Sierras in Mexico, but their northern portions 
there are much covered by Tertiary volcanics. The Appalachian batho- 
liths are much more extensive than the known batholiths of the Laramide 
revolution. The recency of the latter and the comparatively small 
amount of erosion into the Laramide structures apparently have not 
permitted widespread exposures of continuous batholiths. The batholiths 
of the Appalachians, as I have described them, show a decided concen- 
tration southeast of (behind) the salients of the Appalachians. Those 
on the salient in Pennsylvania and Maryland are only barely shown, be- 
cause they are concealed by the overlap of the Cretaceous and Tertiary 
beds. They appear in great numbers, however, behind the salients of 
northern Vermont and North Carolina and are fairly continuous thence 
to the ends of the systems. The excess of batholiths on the salients is 
readily seen on the map, and I have drawn the conclusion that the 
forcible intrusion of them is responsible for the excess thrust toward the 
northwest at the salients. 

In the northern Appalachians these batholiths cut strata of known 
Carboniferous age in New England and New Brunswick, and they are 
known to be as late as Carboniferous in the southern Appalachians, be- 
cause as a whole they show no effects of the Appalachian deformation. 
They are known to be overlain by Triassic strata, so that their intrusion 
into their present position is pre-Triassic and as late as Permian. Prob- 
ably, therefore, their intrusion took place in the interval between the 
Permian and the Triassic. That conclusion, of course, does not mean 
that the intrusions were going on only at that time. Geologic thought 
nowadays trends in the direction of greater time for all geologic pro- 
cesses, and in my opinion the process of intrusion began at least as early 
as Ordovician and was repeated at several later epochs, culminating in 
the Permian. The force of these earlier intrucions was derived from 
masses which did not then or now reach the surface as batholiths. The 
presence of such action is guaranteed, howeverg in New England and 
New Brunswick by the large development of volcanic action during the 
Silurian and Devonian, when great quantities of tuffs and flows reached 
the surface through the cracks in the distended crust over the batholiths. 

An even nearer approach to batholiths is seen in the igneous stocks of 
southern Quebec and near-by parts of New England, which include frag- 
ments of Devonian rocks and may be as late as Carboniferous. The 








kno 
tur 
in | 
rive 
I 
(list 
com 
don 
gior 
of } 
witl 
sam 
the | 
dep 
fron 
meas 
knov 
scale 
cont 
0: 
num 
Mon 
forni 
being 
meta 
woul 
west 
tailec 
of th 
or ev 
and « 
These 
indie 
below 
liable 
much 
comm 
able, 
course 





HH, 











EXPLANATION OF STRUCTURE VARIATIONS 351 


known fact that these batholiths in places cut earlier Appalachian struc- 
tures is reasonably subject to the interpretation that the structures were 
in part formed by the earlier pressures of the batholiths before they ar- 
rived at their final resting places. 

Laramide revolution.—As has already been stated, knowledge of the 
distribution of Tertiary plutonic rocks is very far from complete. No 
comprehensive study of them has been made, but intensive work has been 
done here and there in the United States, especially in the mining re- 
gions, where they are genetically connected with ore deposits. The ores 
of Nevada are divided by Ferguson’® into an eastern group associated 
with Eocene batholiths and a western group with Jurassic batholiths. The 
same association of ore deposits with the Appalachian granites is seen in 
the few mining regions which have been carefully studied. The Tertiary 
deposits, however, belong, as a rule, to higher levels in the emanations 
from the batholiths than do those of the Appalachians. This is in fact a 
measure of the difference in age as brought out by erosion. Enough is 
known of the Tertiary plutonics, however, to show that they are on a 
scale comparable with those of the other great deformations of the 
continent. 

One considerable region appears in which Tertiary plutonics are 
numerous; this includes most of Idaho and large adjoining tracts in 
Montana, British Columbia, Washington, Montana, Nevada, and Cali- 
fornia. In that general district the batholiths or stocks are far from 
being continuous, but the widespread occurrence in that region of the 
metalliferous deposits associated with them indicates that the batholiths 
would be reasonably continuous if the erosion surface were lower. The 
west margin of this batholithic tract is very indefinite because of the de- 
tailed work required in distinguishing the Tertiary granites from those 
of the Jurassic revolution. The western border is still further obscured 
or even blotted out in Oregon and Washington, and, too, in northern 
and central Mexico, by the very extensive cover of Tertiary volcanics. 
These very volcanics, however, with their almost incredibly large volume, 
indicate correspondingly large and continuous reservoirs in batholiths 
below. Accordingly, the expanses of these Tertiary volcanics are a re- 
liable indication of the wide extent of the underlying batholiths. It is of 
much interest in this connection to note that these voleanics are very 
common in all districts where the Laramide deformation was consider- 
able, but are less common outside of those districts. This indicates, of 
course, a relation of cause and effect between the two. 





*H. G. Ferguson : Jour. Wash. Acad. Sciences, vol. 17, no. 5, 1927, p. 122. 
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In addition to the general association of Tertiary voleanics with the 
areas of principal deformation, the position of the chief batholithic tracts 
indicates even more strongly the relation between deformation and in- 


trusion. There was in the Laramide revolution a very plain salient in | 


Wyoming whose axis extends through the Black Hills uplift. In that 
latitude the Rocky Mountain front curves from north around nearly into 
west. The axis of this salient passes in western Wyoming into a salient 
of the great overthrust belt, the trend of which changes from south 20 
degrees east to south 30 degrees west. West of this zone of change and 
still farther along the axis of the salient lies the center of the batholithic 
zone as it is now’known. Here, then, is visible on a grand scale the 
direct association of batholiths with excess forward thrust that is found 
in the Appalachians. Aside from the opposite geographic order, the dif- 
ferences between the two groups are only those of scale and are in pro- 
portion to the differences in scale of the respective systems. 

The Laramide intrusions are not, however, limited to the principal 
area above mentioned, but are found at many places in the deformed 
region. They are conspicuous as laccoliths in the plateau region of 
Arizona and New Mexico. In the San Juan Mountains and the Rocky 
Mountain front of Colorado they appear as great stocks which have 
pushed up the Mesozoic rocks, filled them with dikes, and covered the 
surface with effusives. Similar laccoliths and stocks are seen in the 
Black Hills of Wyoming and in central and northern Montana. Other 
laceoliths and plugs are numerous in southern Texas and Mexico. This 
relation is plainly paralleled in the Appalachians by the Monteregian 
Hills of southern Quebec and New England, by isolated plugs in New 
Jersey and Virginia (all outside of the batholith zone), and to a les 
extent by the dikes found here and there cutting the Paleozoic in the 
Appalachian Valley and dome-basin region. Here, again, the difference 
between the systems is one of degree and not of kind. 

In Alaska there was a definite association of intrusions with the 
Tertiary (Laramide) revolution. Detailed information has been found 
as yet only in widely separated areas, but enough is known to show that 
the chief igneous developments at this time in the United States were 
repeated in the mountain systems of Alaska. Probably the best showing 
of them is north and northwest of the Alaska range, and their general 
plan is shown in figure 4. The great bend in the mountain chains in 
east-central Alaska forms a salient corresponding to the salient of 
Wyoming. By analogy, therefore, there would be a good expectation of 
finding at this Alaskan salient a concentration of Tertiary batholiths 
Many of these are already known, and it is practically certain that many 
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more will be found. The same difficulties are being encountered as in 
the United States, however, in distinguishing between the Tertiary and 
Jurassic granites. 

Knowledge of Tertiary batholiths in Mexico is still more limited and 
must remain so for a long time. Such batholiths are known, however, 
from widely separated explorations and are most definite in two tracts 
in the States of Chihuahua and Sonora, where they cut Cretaceous sedi- 
ments. Only here and there may they be expected to appear beneath the 
vast cover of Tertiary volcanics of the Sierras. The distribution of the 
granites, so far as known, is very interesting, because they appear west of 
(behind) a salient which extends the area of Tertiary folding far to the 
east out of its trend in the United States. Opposite this, in Texas and 
Mexico, there is developed a narrow belt of intense folding and faulting. 
We may infer, from the extent of this folding southeastward through 
Mexico and from enormous outpourings of volcanics, that Tertiary 
batholiths will be found as far south as the latitude of Tampico and more 
extensive than those shown on the map (figure 4). 


NORMAL FAULT ZONE 


General statement.—The normal faults in the Appalachian region are 
not part of the Appalachian deformation as commonly understood, be- 


cause they were formed during the period of tension or relaxation, after 
the compression and thrusting of the Appalachian revolution in Permian 
time was satisfied. The normal faults are included in this discussion, 
however, because they are found in the Appalachian area, and are also 
found in other areas of deformation following the main mountain- 
building so consistently that they seem an integral part of the cycle 
of deformation. The earlier parts of this deformation, which preceded 
the main climax in the Permian, have an analogous position in the pre- 
liminary part of the great evcle. 

Appalachian revolution.—The normal faults in the Appalachians are 
found in an irregular belt in the southeastern part of the folded section. 
They were first discovere.| in the belts of Triassic rocks southeast of the 
Appalachian Mountains and comparatively near the Atlantic. Their 
character and age are well brought out by these formations, and they 
fall into three groups whose only difference lies in the direction of the 
dip of the strata. The faults are all vertical, or nearly so, and have a 
northeastward trend approximating that of the folded Paleozoic rocks. 

The southerly belt begins at Hudson River and extends, with numerous 
interruptions, to the middle of South Carolina, where it is covered by 
the Cretaceous deposits. The strata in this belt dip gently northwestward 


XXIII—BvuLL. Geo. Soc. AM., Vou. 39, 1927 
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and the drop on most of the faults is on the southeast, so that the ap. 
parent thickness is greater than the true one. The central belt—that 
along Connecticut River in Connecticut and Massachusetts—is off- 
set from the southerly belt and the beds dip eastward, with the down- 
throw on the west of the faults. There is thus a general anticlinal 
arrangement of these two belts. The third belt is found in Nova Scotia 
and is in turn offset from the trend of the central belt. The dip of the 
rocks has changed again and is northwestward, with the downthrow of 
the faults on the southeast. Detailed work in recent years in and near 
the Triassic deposits has shown that the post-Triassic faults extend out- 
ward for long distances into the underlying sedimentary deposits. Other 
regions have also been found, not in contact with Triassic deposits, where 
normal faults of the same character have been found. The conclusion 
is reasonable that these also were formed at the same time. 

Two other sets of faults of somewhat different aspect have been found 
of late—one in Pennsylvania and the other in Georgia and North Caro- 
lina. The southern group consists of a great series of fissures trending 
northwest and filled with the diabase so characteristic of the Triassic. 
The Pennsylvania group consists of actual faults, also trending north- 
west, offsetting the Paleozoic structures and traceable into the Triassic 
strata. Each of these groups is situated at one of the Appalachian 
salients. All of these post-Triassic structures show a tendency of the 
crust to elongation and an entire absence of compression. The faults cut 
directly across the nearly horizontal Triassic strata and pass downward 
through the Paleozoic strata into the pre-Cambrian. These structures 
follow closely the trend of the pre-Cambrian structures and appear to 
be directly controlled by the latter. Since the pre-Cambrian structures 
are not directly parallel with the Permian structures of the Appalachians, 
so the post-Triassic structures diverge somewhat from the Appalachian 
ones. Thus the belt of post-Triassic structures, which is at the east side 
of the Appalachian system in South Carolina and Georgia, cuts di- 
agonally across the system until in Pennsylvania it extends well to the 
west of the Blue Ridge geanticline. Thence it recedes in going north 
until it is again along the southeast side of the Appalachians in Nova 
Scotia. In short, these faults are caused by uplift and downthrow in 
the pre-Cambrian basement and are controlled by its structures, which 
impose the Triassic faults upon the Appalachian folds and faults. 

Laramide revolution—The belt of normal faults in the Cordilleran 
region is of enormous extent, like the other units of the Laramide defor- 
mation. The normal fault belt is parallel in general with the other belts 
of the Tertiary deformation and lies to the west of (behind) the strongly 
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folded belt. The fault belt of the Rockies is much wider than that of 
the Appalachians, just as it is much longer, but it occupies a correspond- 
ing position. It diverges somewhat from the course of the folded belt 
and encroaches on the latter or recedes from it, as the case may be. Its 
best known development is in the Basin range region of Utah, Nevada, 
and southern California. It there is farthest removed from the Rocky 
Mountain front, but it converges on the latter until they nearly coalesce 
in western Montana and actually merge along the border of Mexico. 

For a long time the Basin ranges were considered to be all outlined 
by normal faults, which were so strong that other structures were nearly 


negligible. Much detailed work during the last generation has brought 


out the fact that folding is at least as prominent as normal faulting in 
these ranges. Some geologists have gone so far as to question the pro- 
prietry of citing the Basin ranges as a type of normal faulting. It is 
clear, however, that many of the Basin ranges are bounded by normal 
faults, and that in others no such faults are demonstrable. All of the 
ranges, however, have a folded structure independent of the normal 
faulting, which in places cuts across and overwhelms the folds. 

The trend of the individual faults is fairly uniform, as far as the 
major ones are concerned, but the fault belt exaggerates the great curves 
shown by the Rocky Mountain front. The faults are most linear and 
systematic from northern Arizona well up into British Columbia and 
occupy rather distinctly a region underlain by thick deposits of the 
lower Paleozoic. Other belts of parallel faults are seen in southern Cali- 
fornia and along the Texas-Mexico border. In southern Arizona and 
New Mexico, where the Paleozoic cover is thin, there is far more diversity 
in the trend of the normal faults, so that in many places they form a 
veritable mosaic. ‘The boundary of the normal fault region has a south- 
eastward course from the south point of Nevada to the Gulf coast in 
Texas and Mexico—a trend which is seen also in southern California. 
This corresponds closely with the margin of the great plateaus of 
Arizona and also with a zone of general thickening of the Paleozoic 
deposits. In Mexico these structures, like others of the Laramide revolu- 
tion, are largely concealed by Tertiary volcanics and Pleistocene val- 
ley fill. 

The Laramide revolution is believed to have been at its maximum 
from the end of the Cretaceous until the Middle Tertiary or Miocene. 
The normal faults followed the compressional structures more closely 
than was the case in the Appalachians and began in the middle of the 
Tertiary. They were not finished then, however, but continued for dif- 
ferent lengths of time in different parts of the United States. In some 
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places, indeed, especially in Utah, Nevada, and California, the faulting 
is going on intermittently today. Fault-scarps have been formed within 
recent years, and earthquakes which result from faulting have taken place 
as far back as the history of the country is known. The best known belt 
of recent faults is that of the San Andreas rift, in southwestern Califor. 
nia. Many other such faults have been determined, however, and are 
evidenced by earthquakes throughout the entire Cordilleran region. 

The fact that the normal faults are directly imposed on the compres. 
sion folds and overthrusts of the Laramide revolution indicates that 
the time between the two processes, although comparatively short, was 
sufficient for the cessation of compression and a change to relaxation or 
tension. The same sequence of events which is known in the Cordilleras 
of the United States and British Columbia is known also in the Tertiary 
ranges of Yukon Territory and Alaska. No such system of faults ap. 
pears elsewhere in the region affected by the Laramide revolution. The 
conclusion is reasonable, therefore, especially when comparison is made 
with the Appalachians, that the period of normal faulting is an integral 
part of the cycle of deformation. 

FAN STRUCTURE 

A ppalachians.—The southeastward dip of faults and axial planes of 
folds is so greatly predominant in the Appalachians that geologists almost 
lose sight of the exceptions to the rule. There are certain areas, however, 
in which axial planes and thrust-faults do dip toward the northwest. 
Since the eastward-dipping structures are interpreted as having been 
due to a thrust from the direction of the oceans, the same reasoning 
would indicate a local movement in the opposite direction where the 
structure planes dip toward the northwest. Although these exceptional 
planes and structures are clear enough in certain regions, it is difficult 
to represent them on the map as a continuous belt. This is due in part 
to the incomplete knowledge of the Appalachian Piedmont where these 
structures occur, and also to the fact that the rocks there found are in 
the main schists, gneisses, and granites whose detailed structure it is 
hard to determine. 

Two major features of this northwest-dipping belt of structures ate 
sufficiently clear: first, they are best shown in the regions where bathe 
liths are prominent, as in North and South Carolina and Georgia, and 
in New England ; second, although they lie definitely in the southeastern 
part of the Appalachian system, there is a considerable belt still nearer 
the Atlantic in which the structures have the usual southeastward dip. 
This latter belt is widest in New Brunswick, Nova Scotia, and Nevw- 
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foundland, where the Appalachian system is least covered by later Cre- 
taceous deposits. In North Carolina, also, there is a second belt of 
northwest-dipping structures some 50 miles southeastward of the prin- 


cipal belt. This is less well known and can not be traced out of the 


southern Appalachians on account of the Cretaceous cover. It is the 
juxtaposition of these belts of structures which dip in opposite directions 
that constitutes the fan structures. These fans can be interpreted as ex- 
panding upward or expanding downward, according to which sets of 


structures are coupled together. 

The conclusion was reached in my description of the Appalachians *° 
that the general northwestward overturn in that system was due to pres- 
sure put on the rocks by batholiths moving northwestward. There are 
countless examples of batholiths, stocks, and sills in the Appalachians 
which have forced apart the rocks which they intrude. In many cases 
the actual doming up of the schists and gneisses by the granite can be 
readily seen. ‘The recent study of the Vermont batholiths by Balk ** has 
led him to the conclusion that the batholiths were an active factor in the 
deformation. If, then, a batholith should enter the basement rocks as a 
long, narrow belt (and such an arrangement is not only seen, but would 
be inevitable), it should exert an outward pressure in both directions, 
northwest and southeast. Therefore we should expect not only folds over- 
turned northwestward, as usual, but in many cases folds overturned in the 
opposite direction. The fact that these unusual structures, or belts of fan 
structure, are only found in regions dominated by batholiths supports 
this view. In fact, several parallel belts of fan structure might be de- 
veloped from a number of parallel intrusions, as appears to be the case 
in the Carolinas and in the eastern provinces of Canada. In no other 
situation in the Appalachians are fan structures found; which fact is 
of much importance. Furthermore, one can offer no reason for a sys- 
tematic exception of this sort to the typical structures of the Appa- 
lachians, which are plainly derived from thrust from the southeast, al- 
though in local and individual cases a special explanation might be made. 
On the whole, therefore, not only are the fan structures explainable as 
the result of lateral thrusting by the batholiths, but they are explainable 
as a system in no other way. 

Cordilleras—The Laramide system as well as the Appalachian has its 
belt of exceptional structures. A very great majority of the Laramide 
structures (thrust-faults and axial planes of folds) have a westerly dip. 
This is true not only of North America, but also of South America in 


Keith: Bull. Geol. Soc. Am., vol. 34, 1923. 
* Robert Balk: Report of State Geologist, Vermont Geol. Surv., 1925-1926, pp. 39-96. 
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structures of the same age. An exceptional belt is seen, however, in 
which many of the axial planes and thrust-faults dip in the opposite 
direction—that is, toward the continent. Here, too, since we have con- 
cluded that the system as a whole was caused by general thrust from 
the ocean, we must also conclude that this exceptional belt was produced 
by an exceptional thrust from the direction of the continent. There- 
fore this belt of thrusts, when considered in connection with the prin- 
cipal belt of thrusts dipping in the opposite direction and still continuous 
with the exceptional belt, should be interpreted as fan structure on an 
enormous scale. The two elements are far apart at the latitude of 
Oregon, but come together in southern California. 

If the explanation offered for the Appalachian fans is correct, a similar 
explanation should be available here. Unfortunately, our knowledge of 
the distribution of early Tertiary batholiths in the Cordilleras is hardly 
sufficient to answer this question now. I have already called attention 
to the general group of batholiths in Idaho, Utah, and Nevada. It is 
very probable that future detailed work will extend the boundary of this 
tract considerably, and especially toward the west. Unfortunately, much 
of the region which should be underlain by Tertiary batholiths, accord- 
ing to the theory, is already occupied by batholiths assigned to the Juras- 
sic. The current belief about the latter is that they form a nearly or 
quite continuous belt extending throughout the Cordilleran region. On 
the other hand, detailed work is now bringing out the fact that in many 
places both Tertiary and Jurassic batholiths are found in the same region 
and are distinguished from each other only with much difficulty: The 
history of tectonic movements in the western Cordilleras indicates a more 
continuous or, rather, more often recurring intrusion than in the eastern 
Cordilleras. Furthermore, as already noted, the vast accumulations of 
Tertiary volcanics in the Sierras and the Cascade ranges practically 
require the existence of great masses of magma at moderate depths below 
the present surface. Therefore it is quite reasonable to conclude that 
not only will many Tertiary batholiths be found in the Sierra Nevada 
Range and near the fan structures, but also that many batholiths were 
near the surface in that region and active in producing structure, even 
though they are not now laid bare. These conclusions are necessarily 
speculative and will, to some extent, always remain so, because in so much 
of this area the older structures are entirely covered by Tertiary vol- 
canics. In any event, the belt of easterly dipping structures of Califor- 
nia forms in southern California a real fan structure where the two sets 
of structures dip toward each other. In this respect the case is parallel 
with that of the Appalachians, and in my opinion the probability is good 
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that eventually similar fan structures will be found in other parts of the 
Cordilleras. The definite existence of this belt completes the parallel 
between the Laramide and Appalachian systems. Its position in the 
same part of each system indicates that it is a normal part of a mountain 
system, and that it should be taken into account when analyzing and ex- 
plaining the system. 

PRE-CRETACEOUS MOUNTAIN SYSTEMS 


Sierra Nevadan revolution.—It will readily be granted, I believe, that 
the parallelism between the Appalachian and Laramide structures is very 
striking. Each contains so many wholly distinct elements which appear 
in a definite order that the possibility of a chance repetition in this order 
is extremely small, Nevertheless, it would be desirable to test this 
parallelism even further by analyzing other mountain systems. Time 
does not permit, however, the application of this test, nor is there in 
America any other mountain system the facts of which are well enough 
known to be integrated in this matter, or which is large enough to have 
developed this series of unit structures. The nearest approach to equal- 
ity is the Sierra Nevadan deformation in Jurassic time. This is in- 
sufficiently known, however, and its structures are so much modified by 
the Laramide structures and so covered by later deposits that it is pos- 
sible that we may never subdivide it into units. Almost none of it re- 
mains in Mexico, most of it in the United States is covered or submerged 
in the Laramide structures, and the best opportunity for an understand- 
ing of it appears to be in Alaska. Up to this date, although we know of 
the existence of the Jurassic structures in large districts of Alaska and 
the general dip of the faults and axial planes toward the south (Pacific 
Ocean), it may be a long time before the structures can be separated 
into groups. ‘The major fact of overturning away from the Pacific and 
the conclusion therefrom that the thrust was from the direction of the 
Pacific are of very great importance. This particular feature is one of 
the most fundamental in the consideration of the structure of the Con- 
tinent and the theory of mountain-building. In this respect the Sierra 
Nevadan revolution achieved the same results, and thus doubtless came 
from the same cause, as the Laramide revolution and the Appalachian 
revolution. 

Devonian deformation.—The deformation in the latter part of the 
Devonian attained importance in North America only in eastern New 
England and the maritime provinces of Canada and in southern Alaska. 
In these regions the deformation was sufficient to be recognizable in 
structures which are discordant with the Mississippian strata which fol- 
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lowed. In the southern part of the Appalachians there was no such dis- 
cordance, although the overlap of the Mississippian on the Devonian 
beds is extensive and registers widespread tilting at that time; also, on 
the northeast side of the Ozark dome, numerous faults were developed in 
late Devonian time which appear to be connected with an uplift of the 
dome similar to that which later affected the south of the dome in the 
Carboniferous. The same Devonian movement formed gentle anticlines 
and synclines in northern Illinois, Wisconsin, and Iowa which are slightly 
unconformable with the following Mississippian beds. Sporadic cases of 
feeble unconformities by dip and numerous discopformities by nondeposi- 
tion mark the movements at the end of the Devonian. The net result of 
these movements are seen in the boundary of the Devonian shown on the 
map, figure 2. These movements in the northe stern United States 
raised considerable mountains, whose rapid erosion, was recorded in 
the thick Upper Devonian strata of New York and.-.,’ennsylvania. 

At the same time batholiths of granite were intrv led through the 
Devonian, and from these in their earlier and lower sta zes were derived 
great masses of volcanics interstratified with the Devonian strata in 
Maine and New Brunswick. In eastern Massachusetts some further evi- 
dence is given by granite batholiths which are post-Camlitian, probably 
post-Silurian, and pre-Mississippian. None of the batholiths is known 
thus far in western New England or New York. Thus " east-west 
arrangement is found in the Devonian diastrophism—a batholith unit at 
the east, bordered by Devonian folding which died out westward into a 
broad tract in the Mississippi Valley of folded or gently warped beds 
with a few domes. Thus the major plan seen later in the Appalachian 
revolution appears also in this deformation. What is lacking, so far as 
we know, is the belt of thrusting and the eastern belt of normal faults. 
It is possible that better knowledge of the geology of Maine and the 
provinces will yet enable us to integrate the deformation more closely. 
As far as we can do so now, the order and kind of the unit structures 
found is the same as for the Appalachians. 

Ordovician deformation —The period of deformation which took place 
at the end of the Ordovician in northeastern America has been called 
“Taconic” by many writers and has been identified with the Caledonian 
deformation of northwestern Europe. The region in which the folding 
at this time can be determined is a small one and forms a narrow belt in 
the folded rocks of eastern Pennsylvania extending into southeastern 
New York. In this belt a considerable amount of folding is locally 
shown by a large discordance of dip between the Ordovician and Silurian 
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strata.22. Other discordances of dip in closely adjoining areas may be ex- 
plained by dislocation during the Permian folding. 

Near the middle of the coast of Maine a discordant attitude is re- 
corded between the beds of Silurian and Ordovician age, together with a 


_ difference in metamorphism.** In this tract the beds which underlie the 


known Silurian have not been determined to be Ordovician, but they may 
be much older. In any crse, however, there seems to have been an im- 
portant uplift with a prébability of some deformation. This relation 
extends over for a considerable distance into New Brunswick. In the 
same territory there was a great development of volcanic action, as is 
evidenced by many flows and tuffs interstratified with the Silurian beds. 
Still farther northeast-Ordovician deformation is reported by Schuchert** 
along the west coast« f Newfoundland. This includes sharp folding and 
thrust, which are vot shared equally by the later beds, and this appears to 
be the strongest .. formation at this time recorded in the Appalachians. 

Thus deformasion at the close of the Ordovician appears to have af- 
fected at intervals a very narrow belt extending northeastward from 
southern Penmylvania to Newfoundland. This includes rather more 
than half the visible length of the Appalachians, but only a very small 
fragment of ineir width. It appears to me that the term “revolution” 
connotes a much higher order of diastrophism than is shown in this case, 
and that tks term deformation is a more suitable one. The important 
fact in this-deformation, also, is that the folds are overturned toward the 
northwest and the thrust-faults dip southeast. Thus the force was di- 
rected from the ocean toward the continent (see figure 1). 

Still other tracts of deformation at this time have been discovered 
along the northern border of the continent and the Arctic Ocean. Such 
movements were first discovered in the Seward Peninsula of Alaska,?* 
and in very recent years along the north margin of Greenland by 
Koch.** The Greenland folds were overturned toward the south (from 
the Arctic Ocean toward the continent) and are believed by Koch to be 
the continuation of similar orogeny through the Spitsbergen Islands 
and the coast of Norway with the type region of the Caledonian folding 
in the British Isles. So far as is now known, the folding at this time 
did not extend westward into Ellesmere Island. The belt of folding 
may have curved slightly northward, so that it is now covered by the 





=W. M. Davis: Amer. Jour. Sci., 3d ser., vol. 26, 1883, pp. 381-389. 

*G. O. Smith: Penobscot Bay Folio, No. 149. U. 8. Geol. Surv., 1907. 

*Charles Schuchert: Personal communication. 

=P. 8. Smith: U. S. Geol. Surv. Bull. 433, 1910. 

* Lauge Koch: Some new features in the geology of Greenland. Jour. Geol., vol. 31, 
No. 1, 1923, pp. 42-65. 
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shallows of the sea, or it may be covered by the Devonian strata, which 
in Ellesmere Island overlap far to the south on the Ordovician beds. In 
the other islands between Ellesmere Island and the mainland of North 
America the Ordovician and Silurian strata rest almost undisturbed 
on the pre-Cambrian basement rocks. The margins of the Silurian 
and Devonian beds differ considerably in position, and there are some 
broad flat domes and gentle basins. The chief dome is that of Labrador 
and Quebee Provinces, and the principal basin is that of Hudson Bay, 
This basin, although large, seems fairly to be given that term, but the 
region in Quebec and Labrador is so great that its structure may be more 
diverse than that of a single dome. 

The occurrences of Ordovician folding in Alaska are limited to the 
projections of the mainland near Bering Sea. The best defined ones 
are in the Seward Peninsula, and all others are so complicated by the 
Jurassic and Cretaceous folding that Ordovician folds must be consid- 
ered more or less in doubt. In Seaward Peninsula, near Nome, these 
Ordovician folds are described as overturned toward the west. This 
attitude of the folds is not in accord with that which prevails elsewhere 
on the American Continent, unless these particular folds are part of 
the Arctic folded belt which curves away from the normal. Such 
curves are common enough in the course of mountain chains, and the 
connection of these with the more easterly part of the Arctic belt may 
well have been obliterated by the strong post-Cretaceous folds in north- 
ern Alaska. Also, it is perfectly possible that these Nome folds were 
associated with the continent of Asia, and thus represent marginal pres- 
sure against that continent. It is, of course, understood that the pres- 
ent separation of the two continents at Bering Strait is more or less 
accidental, and that the Ordovician separation may have been mate- 
rially different. Furthermore, the geographic extent of these Nome 
folds is hardly sufficient to support extensive conclusions. 

Viewing these Ordovician disturbances as a whole, it is seen that they 
formed belts of thrusting and folding directed northwestward from 
the Atlantic toward the continent and south from the Arctic toward 
the continent. Between them is a great area of Ordovician rocks only 
slightly warped or domed and forming in places only a thin plate over 
the pre-Cambrian rocks of the Canadian Shield. In the southern and 
western parts of the continent broad oyerlaps of Silurian over Ordo- 
vician beds indicate original warpings which were not sufficiently intense 


to be termed folds. 
Still other folds took place not long before the middle of the Ordo- 
vician time and belong to a different group from that termed Taconic 
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and Caledonian. These took place soon after the deposition of the 
great limestone and dolomite mass which forms the early part of the 
Ordovician in the folded Appalachian belt. ‘They have long been known 
in Alabama and Tennessee ** and in recent years have been worked 
out in southeastern Pennsylvania.** In each of these places folding 
resulted in considerable discordance of dip and in erosion and conglom- 
erates. Similar conglomerates indicating similar erosion and perhaps 
folding are found in the remaining (northern) half of the Appalachians. 
The erosion indicates extensive uplift of the early Ordovician limestones 
toward the southeast, an indication which is supported by the contact 
of the Middle Ordovician shales on Lower Cambrian and older beds 
in the Piedmont of Virginia. The same expectation is born out by the 
complete disappearance of Lower and also Upper Ordovician beds in 
the New Jersey Highlands, where the Silurian rests directly on the 
post-Ordovician movements. Thus Ordovician movements of suffi- 
cient strength to cause folding have been proven only in short and 
disconnected belts along the southeast margin of the southern Appa- 
lachian Valley, with a possibility of their extension northward to the 
Gulf of Saint Lawrence. This period of folding, therefore, is seen to be 
materially less than that which characterized the end of the Ordovician, 
and it takes its proper place in the descending scale as one searches. back 
through the Paleozoic. , 

Middle Cambrian deformation.—The sharp delimitation of the Lower 
and Middle Cambrian strata against the higher mass of the pre-Cam- 
brian continental interior was described in the discussion of the belts 
of overthrust. The Lower Cambrian beds occupy most of the depths of 
this surrounding trough or basin. There are, however, in many places 
strata of Middle Cambrian age in these troughs which display the same 
relations toward the central pre-Cambrian mass. Both Lower Cambrian 
and Middle Cambrian beds appear to have been deposited in a continuous 
sea extending outward from the continent, for their thickest portions 
and those that display a littoral origin are next to the pre-Cambrian 
continent. 

With the coming of the Upper Cambrian a very great change took 
place, and the sediments, instead of being limited to the marginal 
troughs, were spread over almost the whole interior of the United 
States and much of Mexico. The only region in the United States, 
perhaps, not covered by these beds was a narrow zone along the Great 


*(C. W. Hayes: Rome Folio, No. 78, U. S. Geol. Surv., 1902. 
Arthur Keith: Greeneville Folio, No, 118, U. S. Geol. Surv., 1905. 
*3Stose and Jonas: Ordovician shale and associated lava in southeastern Pennsyl- 
vania. Bull. Geol. Soe, Am., vol. 38, 1927, pp. 505-536. 
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Plains and, part of the southern Rockies. Northward in Canada this 
zone expanded greatly and had similar proportions to the present Cana- 
dian Shield. The nature of this central belt as the real backbone of the 
continent will be discussed in later pages. 

The nature of this change at the end of the Middle Cambrian, whether 
due to warping alone or folding, is none too clear, because it has been 
obscured both in the east and the west by these considerable periods 
of later folding. The data on its character are probably fuller now in 
the east than in the west. In the Appalachian region the source of the 
Upper Cambrian sediment lay at the southeast instead of northwest, 
as previously. A belt of land rose from the shallow parts of the ocean 
as a geanticline, part of which was later to form the great Blue Ridge 
anticline of the Appalachian revolution. As this land rose the Lower 
and Middle Cambrian beds were stripped from it and their sands were 
carried far over the interior of the continent, which itself had sunk 
evenly beneath the sea. 

Over the central part of the Appalachians, between Tennessee and 
northern Vermont, the Middle Cambrian beds are absent and only a 
small fragment, a few miles long, is known in northern Vermont. All 
of these Middle Cambrian beds lie northwest of the geanticline. South- 
east of that structure the Middle Cambrian beds are found in numerous 
places, such as eastern Massachusetts, New Brunswick, and Newfoun:- 
land, but in the southern Appalachians the geanticline was either higher 
and stronger or erosion was more effectual, so that there the Middle 
Cambrian is unknown southeast of the geanticline. 

The persistence of the geanticline at later stages in the Paleozoic is 
evidenced by the eastward overlap of the Ordovician, Silurian, and 
Devonian beds on the pre-Cambrian from North Carolina northward. 
The existence of this major feature, therefore, was established and the 
entire plan of land and sea was reversed bétween the Middle and Upper 
Cambrian. The thickness of strata involved was from 3,000 to 10,000 
feet of the earlier Cambrian, which were removed from the geanticline, 
and perhaps 20,000 feet of Paleozoic beds which did not cross it. The 
magnitude of this change was clearly beyond that which is classed as 
continental warping, and the amount of uplift determined (approxi- 
mately four miles) constitutes a major folding. 

Direct evidence of the existence of folding at this time is extremely 
rare. In northern Vermont the belt of Middle Cambrian strata, some 
ten miles long, exhibits at its north end several small folds which seem 
not to have affected the Upper Cambrian beds. Elsewhere in the Appa- 
lachians no difference in structure or dip has thus far been noted in 
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adjoining parts of the Middle and Upper Cambrian. Beds of these 
ages appear strictly parallel, and the only differences are the disap- 
pearance of layers in going north. The evidence in this matter will 
always be scanty, because the Middle Cambrian strata are only found in 
the narrow folded belt of the Appalachians and nowhere in the interior of 
the continent. This point is made clear by the map, figure 17, on which 
the Middle Cambrian would, where present, have about the same 
distribution as the Lower Cambrian. 

The general plan of the Middle and Lower Cambrian strata has the 
same features in the west as it does in the east, only arranged in the 
opposite direction. They terminate rather abruptly against the central 
pre-Cambrian mass, as shown on figure 17, and their extension far to the 
west is proven by their presence now in many of the Basin ranges. The 
sea at that time surely extended to the Sierra Nevada and probably 
much farther. Unfortunately, all traces of it farther west were 
removed by the folds and the batholiths of the Sierra Nevadan revolu- 
tion, so that only beds younger than the Cambrian now appear. This 
relation is known to extend from Alaska to Mexico, so that there is no 
hope of determining the original western margin of the Cambrian sea. 
Except for this relation, the symmetry is complete between early Cam- 
brian deposits of the east and west. They were marginal deposits around 
the interior pre-Cambrian body of the continent, their thickest parts 
were near this land, and they diminished outwardly toward the oceans. 

The same phenomenon of great transgression appeared at the begin- 
ning of the Upper Cambrian in both regions, so that the parallel is 
complete as far as it goes. Midway between the two regions a connecting 
link appears in Arkansas and Oklahoma, showing the same seaward 
deepening of the early Cambrian and a great transgression of the Upper 
Cambrian over the continental interior. It is perfectly reasonable to 
conclude, therefore, that the important folding which appeared in the 
Appalachian system at the end of the Middle Cambrian extended into 
the Cordilleran region. By analogy, therefore, the cause of this reversal 
of environment (the new geanticline of the eastern Appalachians) should 
be represented in a corresponding geanticline near the Pacific coast. 
The permanence of this geanticline in the Appalachians and its theo- 
retical permanence in any place after once being established would 
indicate that the geanticline of Jurassic time in the Sierras had 
previously been the site of a Cambrian geanticline. This conclusion 
is not supported by direct evidence, although it has a considerable degree 
of probability. 
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Pre-Cambrian deformation.—No attempt will be made here to analyze 
the pre-Cambrian. The pre-Cambrian formations are not continuously 
enough exposed in most parts of the continent to permit close analysis, 
and in the regions where the pre-Cambrian occupies most of the surface 
the data are now very scanty and the difficulties of deciphering larger 
structures are extremely great. There were, however, several periods 
of deformation, and it is reasonably sure that the amount of disturb- 
ance of the earth’s crust was as great in the pre-Cambrian as in the 
Paleozoic and Mesozoic combined. 

The last period of pre-Cambrian folding, that following the Algon- 
kian, is naturally the best known. In the Appalachians the Algonkian 
folding trends fairly closely with the Appalachian folds and the margins 
of the continent. The sediments were deposited on a floor of Archean 
granite, gneiss, etcetera, which is exposed in numerous tracts east of 
the Appalachian Valley. These sediments now appear in the main near 
the northwestern border of the pre-Cambrian mass and they consist of 
terrigenous materials with many bodies of volcanics. These Algonkian 
deposits were intruded by granites and other plutonics, also of pre- 
Cambrian age, the bulk of which lay southeast of the belt of sediments. 
Folds were developed in the Algonkian bodies which appear in places 
to be discontinuous with those of the Paleozoic, and the same may 
perhaps be said of certain faults. Thus a plan of distribution appears 
(intrusions at the southeast flanked by thick masses of terrigenous 
strata resting on the Archean granite and gneiss at the northwest) 
which parallels the later plans of distribution in the Paleozoic. Thus, 
while the data of Algonkian orogeny in the Appalachians are meager, 
they are entirely in accord with the facts and principles evolved from 
the Paleozoic orogeny. 

The other chief development of pre-Cambrian structure is found in 
the Lake Superior region, in the center of the continent. This continues 
somewhat north of east from Lake Superior into the Canadian Shield 
as the Killarney folding. South and west of the lake this folding 
extends across Wisconsin and Minnesota into the continental backbone, 
where it is almost continuously covered. 

In the Rocky Mountain region there is knowledge of similar folding 
through detailed work in separated areas. These are more and more 
disconnected in the southern Rockies, but in the northern Rockies appear 
in connection with the Belt Series as a well-defined unit of folding. 
West of these, in the Cordilleras of Idaho and Washington, pre-Cambrian 
granite appear which may be post-Beltian, although not known to be s0. 
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The Belt Series forms a mass thickening and dipping toward the west,”° 
which is in the direction of the sea and away from the continental 
margin. Thus some of the pre-Cambrian granites of the Cascade Range 
may have formed a geanticline and batholithic masses in Algonkian 
folding. This, however, is hardly more than speculation in the present 
stage of knowledge. It does indicate, however, as did the Appalachian 
data, a belt of folding along the margin of the continent. The presence 
of the Killarney folding across what seems to be the interior of the con- 
tinent can not now be explained. 


CONTINENTAL BACKBONE 


The statement is repeatedly made regarding the largest structural 
features of North America that there is a raised rim of folded moun- 
tains along the east and west margins of the continent, with a great 
basin between them of little folded rocks. This is true if the surface 
rocks alone are considered. It is, also, true only if the curvature of the 
earth over a considerable arc is disregarded. This belief is strengthened 
by the major syncline in the Great Plains, in which are found the 
youngest rocks of each age, including Paelozoic, Mesozoic, and Cenozoic. 

When, however, the distribution of the rocks is examined in even 
moderate detail, it is discovered that this major syncline, which is shown 
in all possible ways at the surface, is not a syncline to any considerable 
depth, but is transmuted downward into a major anticline. This 
anomaly is repeated on a small scale in thousands of places within the 
area of the major uplift, as has been shown by the exploration for oil in 
recent years. The difference is most pronounced between the Tertiary 
and Permian structures. but it is not limited to structures of those 
times and has persisted through all the ages back to the beginning of the 
Paleozoic. 

This statement does not mean that this great backbone was never 
completely covered by sediments, nor that it was ever completely covered. 
The beds of many series, we feel reasonably sure, did not extend entirely 
over this great arch, but terminated against its sides and were over- 
lapped by later series. The statement does mean, however, that this 
great region was subjected to repeated uplift in some places and to 
almost continuous uplift in others. Thus the arch, as a whole, is one of 
the strong positive elements of the continent and soon rose again from 
the sea after each submergence. Therefore it seems to be a structural 
unit of the first order and one which played its part in the building of 
the continent fully as mu¢h as the folded ranges at the east and west. 





*P. C. Calkiay: Philipsburg Folio. 
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FIGURE 17.—Basins and Areas of Uplift at Ends of Lower Cambrian and of Upper 
Cambrian 
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Ficure 18.—-Basins and Areas of Uplift at Ends of Ordovician, Silurian, and | 
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The map, figure 20, shows the distribution of the rocks of the various 
systems or series much generalized from their detailed outcrops. The 
boundaries of a system, the Devonian, for instance, do not represent the 
original extent of that system, but only the areas within which it re- 
mained, which thus are the least modified tracts of that time. The 
areas outside of these Devonian boundaries represent the regions where 
Devonian beds were not deposited or were removed by later erosion 
before the beds of the next system were deposited. These areas thus 
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Ficture 19.—Basins and Areas of Uplift at Ends of Mississippian, Pennsylvanian, and 
Permian 


indicate tracts which were uplifted immediately after the Devonian 
deposition or had remained high during that sedimentation. From the 
standpoint of structure, therefore, those areas which are bare of the 
Devonian, for instance, have substantially the same significance. 

This is not a paleogeographic map, as it does not show the original 
extent of the strata of any sefies or system. The successive lines show 
the generalized borders of certain series or systems as determined by 
uplift and erosion before the next series was deposited. Thus a succes- 
sion of uplifts was recorded which show the positive nature of some 


XXIV—BULL. Grou. Soc. Am., VoL. 39, 1927 
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elements and the negative nature of others, not only for one system® 
but for all recorded history. In short, a permanent plan of the continent? 


is revealed. 

In order to make more clear the outlines of the individual series, they — 
are separately shown in figures 17, 18, and 19. Figure 20, the combined) 
or composite map, shows the mass effect and the persistence of certain 
major features from age to age. 

There are wide discrepancies in the outlines of these uplifted areag 
for the various systems. The differences are most manifest at the 
margins of the respective areas, but it is plain that a central tract per) 
sisted in uplifts through the entire Paleozoic column. It is clear, also) 
that the area of the central mass showed a fairly steady diminution = 
from a greatest width in pre-Cambrian time, when it extended nearly 
the breadth of the continent, to and including the Permian, when it” 
was nearly covered in the United States. These two major facts of 
distribution unite in showing that the belt running nearly north and 
south along the Great Plains is the structural high part or backbone of% 
the continent and has been so since the beginning of the Paleozoic. | 

The influence of the central high sector of the continent has been” 
discussed in its relation to the intense folding and overthrust of the} 
Appalachian and the Laramide revolutions. It has also long been known 
in part under the name Canadian Shield, where the pre-Cambrian rocks 
rise northward to the surface in Canada. I am not aware, however,” 
that any one has pointed out its true nature as not only a feature ofF 
the pre-Cambrian, but of every other succeeding time. The pre-Came 
brian Shield is plainly triangular in shape and the continent is mo 
acutely triangular, the apex of each being toward the south, as has beem 
many times pointed out. This same general triangular shape is rep 
sented over and over again at the termination of the various system 
and series. 

On the map not all series are shown, but only those which were followed} 
by considerable movement and folding in some part of the continem 
The difference is more manifest between the Lower and Middle Cambri 
and the Upper Cambrian than at subsequent times—a fact which 
indicates the importance of the Middle Cambrian movement. he 
opposite relation—that is, a concentration of the lines of successive 
periods—is seen in five zones. The first of these is a narrow belt in the 
Appalachian Mountains or near-by Piedmont, where the highest folding 
took place in Permian time. This has a general northeasterly cou 
from the Gulf of Mexico to Newfoundland. The second zone curve 
from a northerly direction in Texas and Oklahoma into a northeasterly) 
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course in Minnesota. Its existence has long been manifested in Minne- 
sota and Oklahoma by the persistent projection of the pre-Cambrian 
above the later sedimentary beds. In recent years drilling for oil has 
discovered connecting portions of this belt in the buried granite ridge 
of Kansas. Crossing this in Oklahoma, Arkansas, and northern Texas 
is an east-west belt with a tendency to uplift which extends well into 
the Rocky Mountains. The third belt of concentration is similar to 
that of the Appalachians, but not as straight. This lies in the front of 
the Rocky Mountains in Canada and eastern Alaska, but diverges west- 
ward from that front in the United States until it reaches southern 
California. Each of these three belts is more markedly folded than the 
adjoining regions. A fourth belt of a similar nature is known in the 
Appalachians, which on a map of this sort is only represented by one 
line—that is, the Lower Cambrian margin. This is the belt of the 
sharp, westward rise of the pre-Cambrian floor near the west margin 
of the Appalachian Valley. In this respect this belt is precisely the same 
as the third belt, already described in the Cordilleras, but the rise is in the - 
opposite direction. Likewise the second belt (Oklahoma-Kansas) had 
its origin in a long persistent rise of the pre-Cambrian floor. 

All but the first of these belts represent original rises or upward 
steps in the pre-Cambrian basement. The first belt—that in the eastern 
Appalachians—is largely one of subsequent structures, an uplift be- 
ginning with the Upper Cambrian. A corresponding rise, due to 
successive uplifts, should appear in the Cordilleran region, but begin- 
ning at a later date. By analogy, it should have started as far back as 
the Ordovician in western Alaska, as far as the Devonian in eastern 
and southern Alaska, with a representative in the Triassic from southern 
Alaska to northern California, and a climax in the closing Jurassic 
throughout the length of the Cordilleras. The general western margin 
of the Paleozoic and Mesozoic remnants, thus assured by persistent 
uplift and folding, lies well inland from the Pacific coast and approxi- 
mately along the east base of the Sierra Nevada Range and its exten- 
sions from Mexico into Alaska. Its general position is indicated by the 
margin of the Sierra Nevadan folding, shown on figure 3, and is 
roughly from 200 to 300 miles inland from the ocean. In southern 
California it swings from a southerly into a southeasterly course across 
Mexico to the Gulf. Beneath the waters of the Gulf its course is 
unknown, but it must soon intersect the similar zone of the Appalachians, 
the southwestern part of which is also indefinite. Into the same region 
comes the Kansas-Oklahoma zone in a southerly course, also unknown 
beneath the Cretaceous, which may diverge in Texas farther east than 
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is shown on the map. The union of these zones or slopes explains the 
existence of the deep basin of the Gulf. A notable feature of these 
zones is their constant repetition of the triangular shape of the continent. 

The above integration of the pre-Cambrian floor gives us five great 
lineaments—two along the margins of the interior rigid mass, one along 
its central part, and two along the inner margins of the great geanti- 
clines. The first three are pre-Paleozoic features, but are not in accord 
with tracts of pre-Cambrian folding except, perhaps, in the Lake 
Superior region. In the broadest way, however, they must be due to 
pre-Cambrian movements of some sort, inasmuch as all continental lines 
are due to structural movements. This analysis of the interior of the 
continent explains and repeats by the use of different criteria—broad 
uplifts and erosion of whole systems—the symmetry which has been 
shown to exist in the strong folding and deformation of the entire conti- 
nent. The repetition from age to age of the same sort of structures at 
any given tract on the continent is a fact of absolutely the highest 
importance. It indicates not only a persistent arrangement of cause 
and effect, but also a permanence of form and environment, which make 
of this continent an extremely well-defined unit having a definite 
system of structural laws and responding to repeated thrusts from the 
direction of each of the adjoining oceans. In this history I can see only 
an individuality of the continent, its unity, and also its permanence 
of environment, and I see nothing of the haphazard arrangement which 
must have followed the random course of a continent floating like a 


waif on sea of sial. 
THEORIES OF ORIGIN OF CONTINENT 
GENERAL STATEMENT 


Many theories have been proposed concerning the origin and nature of 
this and other continents. I do not propose to discuss here the bearing 
of the facts described above on all these theories. The theories, many 
of which are only hypotheses, must explain the history of the whole 
earth ; so that any theory proposed for a given continent should be appli- 
cable to other continents in a degree equal to the similarity of the 
continents themselves. Thus theories seeking to expalin North America 
must also explain South America, for the two continents are alike except 
in their relation to the North and South poles. Both continents point 
toward the South Pole, which fact gives a presumption that their posi- 
tion with reference to the poles is not the controlling factor in their 
history. The similarity of these continents, not only in shape, but in 
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the position and sequence of their folded mountain ranges, is so start- 
jing that we must 4 priori consider them as due to identical causes. 
The geologist approaches the explanation of the continental features 
through the records of the strata, both in time and in position. Certain 
major facts appear in the folded ranges of the continental borders, 
and others of similar importance are determined from the rigid interior 
mass. The physicist suggests an extension of these facts through the 
application to them of laws and principles found by observation and 
experiment. His chief weapons are (1) the gravity of the earth and 
its variation from place to place; (2) the density determined for indi- 
vidual kinds of rocks and that which may reasonably be inferred for 
the surficial part of the crust; (3) the distribution of densities at 
considerable depths, which are reasonably inferred from the phenomena 
of earthquake waves. The astronomer attacks the problem of earth 
history through its relations with, and similarities to, the planets and 
the stellar systems. Certain orders of formation have been stated as 
normal to the formation of an earth. One of these proceeds through 
condensation from bodies of gas through nebule to a hot and finally 
cooling solid ; another builds up the earth from small clusters of discrete 
particles by accretion of other particles into a solid mass which appears 
to need no end or death by cooling. The method of the geologist differs 
from the other two enormously, in that it depends on the millions of 
visible facts gathered over much of the continent by many men. Thus 
the personal equation is to a large extent eliminated, and a conclusion 
may be drawn having a strength proportionate to the body of supporting 
fact. The other methods start from relations which are believed to be 
principles and which are determined at the surface of the earth. They 
are also applied, however, to the interior of the earth—a process which 
is at least open to some question. The process also has the weakness of 
any method proceeding from a postulate, and it has the further weakness 
that an unknown factor may alter or reverse the assumed conditions. 
This has been strikingly illustrated in the effect of the discovery of 
radioactivity on physical theory. These characteristics are not stated 
as a matter of criticism, but merely to show the weaknesses inherent in 
the study of certain phenomena by instrumental or mathematical means, 
in which slight errors or variations may lead to tremendously diverse 
results. I can not be blamed if, as a geologist, I have faith in the method 
of drawing conclusions from large bodies of accomplished facts of nature. 
In the end the conclusions through any method must meet the test of 
the observed facts of the geologic formations and also those of physics 


and astronomy. 
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Finally, in proceeding with the study of the continent, I am far 
from denying the value of hypothesis and theory regarding its origin, for 
I have presented several of each in this and former papers. I place 
the emphasis, however, on the conclusions made necessary by data of 
observation. I shall discuss in these pages only that small group of 
theories which is most affected by the symmetries of the continent and 
the necessary conclusions therefrom. The consideration of other 
theories, and they are many, must be deferred to subsequent papers. 


CONTINENTAL DRIFT 


General statement.—The group of theories under this head includes 
the recently revived one of the extreme mobility of the continents, 
This is by no means new, as has been stated many times; it has lately 
been renewed, however, by Taylor in America and Wegener in Europe, 
and has gained adherents in some quarters. The essence of this theory 
is that this continent has moved with reference to other continents for 
enormous distances—in places as great as 3,500 miles. One necessary 
implication of this movement is the ability of the continent to over- 
come friction to a totally unexpected degree. Another implication is 
an adequate cause which operates on North America to a greater extent 
than on Europe, Asia, and Africa; for if there were no difference in the 
degree of operation North America would still be joined to Europe and 
Africa, as the theory states that it was at one time. 

Separation of continents——According to the theory of separation of 
North America from Africa, etcetera, western Africa should fit in some- 
where in the vicinity of Washington, with the other coasts of Africa 
and Europe fitting South America and northeastern North America. 
This requires that the present Atlantic coast should be one of rupture; 
so that not only the shape, but also the geologic structures, of the eastern 
continents should fit those of the western ones. The slightest examina- 
tion of these structures shows, however, that there is no fit whatever. 
The Tertiary mountain folds of northwest Africa must join with the 
Tertiary deposits of the Atlantic Coastal Plain, which are almost hori- 
zontal ; also, the Appalachian structures of the Atlantic seaboard in North 
America trend consistently northeast, yet they must be directly joined 
by structures of the same age in the British Isles trending almost at 
right angles. The thrust in America came from the southeast, but in 
Great Britain it proceeded from west of south. The youthful structures 
of the West Indies, which, with their earthquakes and volcanoes, are 
forming today, must match the old and stable coast of Africa near the 
mouth of the River Niger. This list of discrepancies can be indefi- 
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nitely extended and always with the same tenor. They inclide not only 
matters of position, but also contradictions as to age and kind, 

A similar result follows when the amounts of the assumed separation 
are measured. To get a true idea of this, the map of the earth on the 
mercator projection should be forgotten as soon as possible and study 
made of a globe. On the globe, or the polar projection, figure 21, it is 
seen that America still touches Asia, not in Greenland but in Alaska. 
Florida is separated from its assumed mate in western Africa by 3,500 
miles; thus, according to the theory, the southern part of the continent 
of North America must have moved 3,500 miles while the northwest 
part was standing still. This is not a free movement of the continent 
but a rotation on a pivot at the northwest. If this swing is reversed on 
the same pivot, it is found that North Carolina, for instance, must be 
restored to a former hdme in Norway instead of one in Africa. Further- 
more, on any basis of motion of the continent, the curve of the Atlantic 
coast, which resembles the curve of Africa, is considerably farther north 
than its assumed starting point. Therefore the actual motion of this 
part of America, if that theory is correct, must have been not southerly, 
southwesterly, or westerly, but actually north of west. This point is of 
the utmost importance when we consider the cause of this assumed 
motion—a pull toward the south. 

It may be argued that the continent did move as a whole and without 
particular rotation until Alaska touched Siberia, at which place an 
obstruction was reached and pivotal point was formed. In answer to 
that argument, it may be stated that such an obstruction must have 
felt the full force of the moving continent and must have produced 
a tremendous set of folds and faults between the moving America and 
the static Asia. Of such structures there is no trace. On the contrary, 
the great sets of mountain structures of Alaska trend westwardly or 
southwesterly toward Asia and are repeated with corresponding trends 
on the Siberian side. Indeed, the beautiful loop of the Aleutian Islands 
is a complete disproof ef such north-south folds in recent geologic 
history, and there is not the slightest evidence in these structures or any 
other structures of the Mesozoic and later that there ever was such a 
north-south set of folds at the contact of Asia and America. 

Direction of motion.—The preceding argument has been directed 
against the Wegener version of the theory of sliding continents, which 
assumes a southwesterly drift for the continent, but whose cause, as 
stated by him, furnishes only a southward pull. The Taylor version 
calls for a southward drift in Tertiary time, during which North 
America moved southward some 500 miles. Here, again, when the map 
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on the polar projection (figure 22) is examined, one is forced to wonder 
whence America could have come in the diminutive Arctie Ocean which 
separates America from Asia. This wonder is doubled when we read 
Taylor’s statement that Asia also moved southward and for 1,500 miles. 
The difficulty of taking such enormous masses out of the limited Arctic 
Ocean is very readily apparent. Still more must we wonder when we 
observe the continuation of the Tertiary ranges (and so of the south- 
ward motion) to the very southernmost tip of South America. 

Other major difficulties in the path of this theory are furnished by 
the millions of facts already known about the Tertiary mountain-build- 
ing. Taylor’s argument is that the continent moved southward; in 
effect it plowed up a series of folds along its margin. If such motion 
took place, the ensuing folds would have a definite attitude and arrange- 
ment, being strongest near the line of impact and overturned away from 
the moving mass. Such a relation has been repeatedly determined 
with respect to moving masses of all sizes and kinds and under nearly 
all conceivable conditions. Therefore the border of the continent should 
have a system of Tertiary folds strongest at the east and diminishing 
toward the Pacific. A westerly overturn is found in a narrow belt along 
the southern California coast, but elsewhere in the Tertiary mountain 
ranges from Alaska to Patagonia the arrangement of the folds is the 
opposite of that required by the theory. The folds are strongest at the 
west (toward the ocean), are overturned toward the east or landward 
and diminish toward the center of the continent. The only conclusion 
to be drawn from this arrangement is that the pressure was exerted from 
the direction of the Pacific, and this conclusion has been reached by 
nearly all geologists. 

On the opposite, or Atlantic, side of the continent still other relations 
prevail. As the continent moved southward, according to the theory, 
its southeasterly margin also should have plowed up a set of folds corres- 
ponding to those on the west, and these should have been overturned 
toward the southeast. Nothing at all of this sort has been found, how- 
ever, and for the entire Atlantic coast of the mainland there was no 
Tertiary folding whatever and only slight tilting. In the West Indies, 
however, an east-west set of folds is found. These are moderate and 
without marked overturning either north or south, except in Haiti, 
where the Tertiary folds are overturned toward the north or northeast. 
This relation is exactly the opposite of what have been obtained by a 
southward pressure from the margin of the moving continent. It is 
thus plain that the easily determinable facts of structure along both 
the Atlantic and Pacific are directly contrary to those required by the 
theory. 
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Land girdle—When one examines the world distribution of this 
particular set of mountain folds, the Tertiary, and when one uses a globe 
in his studies instead of the mercator projection, a very remarkable 

















Figure 22.— Pacific Side of Globe. 


fact appears. So far as I am aware, this great feature of the earth has 
not been described or interpreted in its true relation. Much has been 
said about the predominance of land in the Northern Hemisphere and 
the corresponding predominance of water in the Southern Hemisphere. 
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This predominance appears to have been somewhat overestimated on 
account of our lack of knowledge concerning the Antarctic Continent. 
More and more this is appearing to be a land body of major importance. 
When this land is properly evaluated in relation to other continental 
masses, it is seen that there is an almost continuous set of land bodies 
girdling the earth in a nearly north-south direction. A great circle 
passing a few degrees to the west of the North Pole, as viewed on the 
map of North America, coincides fairly well with this belt of land- 
masses. The coincidence is even stronger when we take into account 
the well-known shift of each northern continent as it approaches the 
equator. This is best exemplified in the offset of the axis of South 
America from that of North America. The most striking fact about this 
land girdle is its westerly margin in the Americas. This has a far 
more regular outline than the eastern shores of these continents; it 
passes in a fairly straight line across the Northern Hemisphere and it 
continues to outline the Pacific on its Asiatic side. 

As one views the globe from a point over the center of the Pacific 
Ocean, one is straightway impressed by the fact that the true water 
hemisphere of the earth is occupied by the Pacific Ocean, and that the 
true land hemisphere is the opposite half of the globe. This relation 
is seen in the photograph (figure 22) of an actual globe. Of course, the 
existing land projections into the Pacific are much minimized by 
perspective, but the fact remains that these projections can not be great 
or they would show plainly in the photograph. In fact, the continent of 
Australia is the most important projection into this great water body. 
We have, therefore, as major features of the earth, a great water body 
in the Pacific occupying nearly half of the surface of the earth, and a 
girdle of continents outlining the Pacific and nearly following a great 
circle from north to south. On the opposite side of the circle from the 
Pacific lie the much smaller and irregular Atlantic, Arctic, and Indian 
oceans, whose shapes appear to be conditioned by the individual conti- 
nents rather than by the world land girdle. This picture of the dominant 
features of the earth is enormously different from that which is com- 
monly given, but I think that it will be admitted to be true. A more 
complete discussion of this girdle and its meaning will be given in a 
future publication. 

The bearing of this great relation of land to sea is crucial on the 
hypothesis of continental drift. As is perfectly well known for North 
and South America, the thrust was from the west against the continent. 
This does not agree at all with either version of the hypothesis, for the 
reason that the movements were in fact eastward for this whole margin 
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of the Pacific instead of southward, according to Taylor, or southwest- 
ward, according to Wegener, 

This distribution of mountain-building around the margin of the 
Pacific is in complete accord with those theories of mountain-building 
which call for a thrust from the direction of the oceans toward the 
continent. Of such a nature are those of Willis, Hobbs, and myself. 
Attention has often been called to the correspondence of’ the major 
mountain-buildings with the margins of the greater oceans, and of the 
less important deformations with the lesser oceans. This correspond- 
ence seems to be a fact, but it is expressed more in the geographic 
extent of the folded structure than in their intensity. The Appa- 
lachians, for instance, show as extreme folding as any range with the 
possible exception of the Alps. Even that exception might disappear 
if the Alps were farther worn down or the Appalachians less worn. To 
attempt, however, further to evaluate the effect on these theories of the 
facts cited herein is not the purpose of this paper. 

Continental pressures—The facts of the Tertiary orogeny are not 
the only ones by which the hypothesis of continental drift may be tested. 
Other folded systems have been described in the preceding pages, and 
the theory of continental creep must meet also the requirements of these 
earlier systems. It has been shown that pressure was exerted against 
the margin of North America from the east, the west, the north, and 
the south. If the folded systems are due to crowding along the front 
of the moving continent, then the continent must have moved and 
pressed in Ordovician time both northward toward the Arctic and 
southeastward toward the Atlantic. The resultant of this couple gives 
a motion and pressure about north-northeast—almost precisely opposite 
to that described ty Wegener and also opposite to that stated by Taylor 
in discussing the rupture of Labrador from Greenland. 

During the Devonian the folding in New England and New Bruns- 
wick demands, according to the theory, a motion and pressure toward 
the southeast, but folding at the same time in Alaska calls for the 
motion toward the southwest. A resultant can hardly be made of these 
two motions, since they are so widely separated. The still later orogeny 
in the Carboniferous requires, according to the theory, a motion of the 
continent toward the southeast and south. Not long afterward the 
continent must have moved west or southwest, in order to account for 
the pressure of the Jurassic folding of the Cordilleras. 

A renewed motion must next be assured in Tertiary time toward the 
southeast and south in Alaska, southwest in Canada, west in the United 
States, southwest in Mexico, and south in Honduras and the West Indies, 
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but with no evidence of motion at the same time along the Atlantic 
coast. In each and every case of these assumed motions the major 
facts of the direction of the thrust are perfectly well known and are 
exactly opposite of those required by the application of the theory. 
Furthermore, the great variety in the direction of these assured motions 
is fatal to the theory. Why should the continent move north at one time 
and south at another, or east in the Permian and west in the closely 
following Jurassic? If such movements did take place, they would 
bespeak a degree of mobility and a variety of motion far in excess even 
of that demanded by Wegener. They would also (which is most im- 
portant) bespeak grave alterations and even reversals of the great 
features of continental dynamics. 

Cause of motion—The discrepancy between observed facts and the 
motions which they demand of the continent under the theory seems 
most extreme when we consider the cause assigned. The cause of these 
motions, according to Wegener, is a slight protuberance of the conti- 
nents in the Northern Hemisphere above the oceans of the Southern 
Hemisphere. This protuberance of the lighter rocks of the continent 
causes the centers of gravity under the continents to be very slightly 
higher than those under the seas. According to the conclusions of 
physicists this must result in a very slight pull of the continent toward 
the equator. If the rocks of the crust should yield and the continents 
move, there would thus be a slow motion of the continents toward the 
equator. Mathematical analysis of the strength of this pull has been 
made by Lambert,” who concludes that it is not adequate to overcome 
rigidity and cohesion of the crust, even if long-continued. 

Furthermore, this assumed pull toward the south is based on the 
oft-stated generalization that most of the land is in the Northern 
Hemisphere. This is only a half truth, and the real separation into 
land and water hemispheres is, as has been described above, a north- 
south division which follows the west coast of the Americas. Thus the 
pull on these continents by virtue of their higher centers of gravity would 
draw them westward toward the Pacific and not southward from the 
North Pole toward the South Pole. In view of the extreme rigidity of 
the earth as a whole, as is concluded by astronomers from tidal 
phenomena and by geologists from the strength of the rocks, especially 
the crystalline ones, I am utterly unable to see how such a pull can 
be more than thoeretical or potential. Even granting that it has existed, 
how could it possibly operate toward the east in the Paleozoic, toward 


*W. D. Lambert: The mechanics of the Taylor-Wegener hypothesis of continental 
migration. Washington Acad. Sci. Jour., vol. 13, No. 20, 1923, p. 449. 
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the west in the Tertiary and Jurassic, toward the north in the Tertiary; 
also, toward the north in the Ordovician and toward the southwest, south- 
east, and northwest during the Devonian ? 

Of one fact geologists may feel assured, and that is the existence of the 
Pacific Ocean as far back as our geological history goes. That being the 
case, the westward pull on the continents must have been active entirely 
through the Mesozoic, Paleozoic, and later part of the pre-Cambrian. No 
hypothesis can be upheld for a reversal of the pull, for the reason that 
these continents have always been somewhere east of the Pacific. What- 
ever degree of mobility is assigned to the continents, that great relation 
between the Americas and the Pacific has undeniably held. Therefore a 
westward pull, whether actual or only potential, should always have been 
exerted in a westerly direction. It follows, therefore, of necessity that the 
mountain systems which have been appealed to by Wegener, and by 
Taylor in particular, to demonstrate continental drift do nothing of the 
sort, but must be attributed to entirely different causes. 


PERMANENCE OF CONTINENTS 


The doctrine of permanence of the ocean basins and the reasonable 
permanence of the continents received strong confirmation from the dis- 
tribution of sediments and of folding on the Continent of North America. 
This doctrine is, of course, the precise opposite of the theory of con- 
tinental drift. If the doctrine of permanence is established, then the 
theory of drift must be abandoned, and vice versa. 

I have stated in previous pages, and the fact has long been known, that 
the thick accumulations of sediments were along or near the margins of 
the continent, and that the folded systems have the same general posi- 
tion. The earliest record of the continental margin in the east (that of 
Algonkian time) shows it to be very close to that of the Lower Cambrian 
and Middle Cambrian, and the same is true in the better known parts of 
the Cordilleras. As pressure increased on the continental margins, 
geanticlines rose, grew from time to time in later epochs, formed epicon- 
tinental seas, and finally attached themselves to the mainland. There is 
no reason to suppose a particularly great width for these geanticlines, 
perhaps on the order of a few hundred miles. The latest folding in the 
Appalachian region, that of the Tertiary and Pleistocene, follows the 
same general lines of uplift and indicates the general scope of a geanti- 
cline. The sea margins of eastern North America have always been in 
similar positions, with, perhaps, a gradual outward growth of the main- 
land. The same is true of the Cordilleran region, but there the outward 
growth toward the Pacific is most pronounced in the United States. 
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Thus these east and west margins, which are well defined in North 
America with similar positions from age to age, agree remarkably with 
the doctrine of permanence of the continents which is expressed in the 
term “positive element.” ‘This permanence of sea margin is also a 
denial of Wegener’s theory that the United States once joined Europe 
and Africa. If they were once joined, then their present outline (used 
to support the theory of rupture) would not be oceanic shorelines but 
paris of the middle of the former continent. With this proposition no 
geologist can agree, for the reason that the sea margins of eastern 
America have been for many million years in about the same position. 


ASTRONOMICAL CHANGES 


The cause assigned by Taylor for a southward movement of North 
America is an increased rotation of the earth due to some astronomical 
cause tending to make higher the protuberance along the equator. Yield- 
ing to this so-called pull from pole to the equator, the continent is stated 
to have moved. If this were true, then the same cause would have made 
it necessary for South America to move northward toward the equator. 
There is no evidence in the rocks themselves that either of these move- 
ments took place. There is, however, plain evidence that the west margin 
of each continent received a thrust from the west which upraised two 
successive mountain systems. 

Taylor” states that this theoretical southward motion is due to an 
astronomical cause, namely, the capture of the moon by the earth. Many 
analyses have been made of such theoretical matters as partition and 
capture, with substantial agreement that the phenomena do not support 
such a conclusion, least of all in a geologic time so recent as the Ter- 
tiary. For purposes of argument, let us grant that there was a capture 
of the moon in Tertiary time, which did increase the earth’s rotation 
and cause the mountain-building. If the theory is to hold, similar 
mountain-building in Cretaceous, Jurassic, Permian, Mississippian, 
Devonian, late Ordovician, early Ordovician, Middle Cambrian, and 
Algonkian time must also be so explained, or else there is no necessity 
of explaining the Tertiary mountain-building by that cause. If another 
cause is available for the earlier epochs, why not for the Tertiary? If 
the Tertiary must have been due to capture, then other captures took 
place at all these preceding epochs, and the earth should be accompanied 
by a flock of satellites instead of one. The existence of this flock must 
be shown, or else we are free to explain the Tertiary mountain-building 


“F. B. Taylor: The lateral migration of landmasses. Jour. Washington Acad. Sci., 
vol. 13, No. 20, 1923, p. 446. 
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in other ways. This flock of adopted children of the earth comes s0 
nearly to a reductio ad absurdum that we must conclude that we are free 
to explain in other terms this orogeny and all others. 


CONCLUSIONS 


Being left, therefore, with our hands free, I am convinced that it is 
reasonable to accept the theory of thrust against the continent from all 
of the surrounding oceans, and also the doctrine that the continental 
shape and size have been roughly constant from the present day far back 
into the pre-Cambrian. Around its margins were deposited in the ocean 
thick lenses of sediment; from the shallows of the ocean margin long, 
narrow geanticlines rose in response to thrust from the ocean. These 
geanticlines grew higher and higher, thrust was repeated, and finally 
culminated in the Appalachian revolution at the east and south, the 
Caledonian and Devonian deformations at the north, the Sierra Nevadan 
and Laramide revolutions at the west and south. Then the geanticlines 
were united to the mainland and a period of relaxation and tension fol- 
lowed. The surface of the earth was gradually worn down and quiet 
reigned. The order of the chief events in a revolution is given in the 
following table. It is seen to comprehend the time and events of: 
several successive systems and to have occurred as a major revolution at 
least three times since the Cambrian. If this is the normal cycle of a 
revolution, it should be found in other mountain systems of the earth 
and may there be tested. The fact of such a cycle seems clear in North 


America. 
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TABLE OR NORMAL SUCCESSION IN DIASTROPHISM, WITH TENTATIVE AGE 


ASSIGNMENTS 





Cordilleras. 
Time. 


Events. 


Appalachians. 
Time. 





Devonian and Triassic. . . 


End of Jurassic 


End of Cretaceous 


Early Tertiary 


Middle Tertiary 


Late Tertiary to Recent. 


Late Tertiary to Recent. 





Earth’s surface reduced to pene- 
plain. 

Rise of geanticline and sinking 
of geosyncline. gece 
magma movements 

Early foldings, with batholith 
intrusions. 

Major overthrusts at or near 
geanticline and riding over 
geosyncline. Extensive move- 
ments of batholiths. 

Locking of overthrust blocks by 
friction and buttresses. 

Major close folding and anti- 
clinal faulting, accompanied 
by batholith intrusions forcing 
upward into higher parts of 
crust. 

Cessation of pressures. Partial 
retreat of batholiths. Vol- 
canic effusions 

Local collapse near batholiths, 
with normal faulting. 
Younger sills, stocks, and 
dikes. 


Continued erosion to peneplain. . 


Successive minor upwarps, with 
peneplains rising in steps. 





Middle Cambrian. 


Ordovician and De- 
vonian. 
Pennsylvanian. 


Permian. 


Triassic. 


Jurassic. 


Cretaceous. 
Tertiary and Recent, 





XXV—BULL. 


GEOL. Soc, AM., 


Vou. 39, 1927 











BULLETIN OF THE GEOLOGICAL SOCIETY OF AMERICA 
VOL. 39. PP. 387-402 MARCH 30, 1928 





SOME REFLECTIONS ON PALEONTOLOGY ? 


PRESIDENTIAL ADDRESS BY WILLIAM A. PARKS 


(Read before the Paleontological Society December 30, 1927 


CONTENTS 


Introduction 

Relation of paloomtology tO GCOlORY ...ccccccccccsccccccccccscvccceces é 
Paleontology in the university 

Paleontology for other than geological students ............0.eeeeeeee 
Paleontology and evolution ...... 

Taxonomy 

Convergence 

Mimicry 

Continuous or discontinuous evolution 





INTRODUCTION 


The preparation of a presidential address is always attended by diffi- 
culties, inherent in such addresses or imposed on them by time-honored 
custom. -The work with which we are most familiar and on which 
we are most competent to write is usually so limited in scope that it is 
ill adapted to the present object. On the other hand, those broad presen- 
tations that custom has approved for presidential addresses rest on a 
general knowledge of all phases of the subject or on an intimate 
acquaintance with some particular law or theory. 

Realizing my inability to treat adequately any of the broad aspects of 
our science, I venture to present certain reflections on the relationships 
and philosophical aspects of paleontology, and I beg that these reflec- 
tions will not be regarded as mature convictions, but rather as sug- 
gestions that may possiby serve as subjects for discussion. 

It has been my good fortune or bad fortune, according to the point of 
view, to have been engaged in several phases of geological science, from 
pure mineralogy to vertebrate paleontology. I have acquired, in con- 
sequence, certain opinions as to the relations of paleontology to the 


? Manuscript received by the Secretary of the Geological Society February 15, 1928. 
: (387) 











388 W. A. PARKS—SOME REFLECTIONS ON PALEONTOLOGY 


other branches of geology. It is to this aspect of the subject that I beg 
to ask your attention in the first place. 


RELATION OF PALEONTOLOGY TO GEOLOGY 


(ieology is a very comprehensive science; a discussion of its defini- 
tion is of little avail, as the relative importance of its various phases wil] 
be differently judged by different individuals. I think, however, that 
the modern tendency is to regard the time factor as the motif of geol- 
ogy—that is, to regard geology, in the first instance, as history. We 
speak less and less of rocks, structures, and formations, and more and 
more of the sequence of events in time. The modern textbook, with its 
disastrophisms and paleogeography, is in marked contrast to the cate. 
gorical treatises of earlier days. This tendency is evident, not only with 
regard to historical geology in the narrower sense, but also in every 
phase of the subject. The mineralogist recognizes the time factor in dis- 
criminating between certain minerals, and the petrographer, in even 
greater degree, employs the time factor in the nomenclature of rocks, 
The student of structural geology is not content with mere structures as 
such, nor can he properly interpret them without a consideration of their 
relation to time. Even in that ill-defined, utilitarian, and important 
branch commonly called “economic geology”, the historical aspect is 
ever prominent. The interrelation of ore bodies and their relation to 
the country rock is essentially a matter of time, and the paragenesis of 
ores is evidently a question of pure history. I prefer to regard the eco- 
nomic geologist as not occuppying a distinct and separate field, but to 
consider him as one of the great family of geologists engaged in decipher- 
ing the history of the earth.. From the scientific point of view, it is per- 
haps of secondary importance that his conclusions assist in winning valu- 
able material for the service of mankind. 

If it be admitted that time is the outstanding principle of geological 
science, then paleontology, which is undoubtedly our best means of 
determining relative time, rises to the first rank among the manifold 
phases of geology. The history of the earth has been regarded as two- 
fold—organic and inorganic—and paleontology has been called the 
“handmaid of geology.” I doubt the correctness of this point of view. 
The relation of the organic and inorganic in earth history is too intimate 
to justify a distinction, and I certainly do not approve the reduction of 
paleontology to the position of “handmaid.” The more extreme con- 
ception of divorcing paleontology from geology and including it under 
biology, justifiable as it may be from certain points of view, robs our 
subject of the historical aspect that makes it a part of geology itself. 
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I have heard paleontologists disclaim with equanimity any knowledge 
of mineralogy (more commonly in Europe), and mineralogists and eco- 
nomic geologists similarly renounce the devil and all his works, including 
fossils. I think there is grave error in this attitude, for I like to 
think of the ideal geologist as a man equipped with every means of 
solving the problems involving time, as nearly all geological problems do: 
I fear, however, that the realization of this ideal is becoming more and 
more remote, particularly in view of the highly mathematical aspects of 
the subject now being developed. The complexity of modern geology 
has brought about a wide hiatus between the ideal and the practical. 
We are confronted in geology, as in nearly all human activities, with the 
problem of deciding the degree to which idealism may be sacrificed to 
expediency. From the immediate point of view, the question resolves 
itself into the determination of how soon and to what extent specializa- 
tion should be permitted to replace all-round instruction in the training 
of a geologist. I do not propose to even suggest an answer; I think the 
conclusion must vary greatly with geographical location and with in- 
dividual and national wealth. I would venture the opinion, however, 
that paleontology is too intimate a part of geology to permit its entire 
exclusion from the equipment of a geologist, whatever his special field 
of endeavor may be. 


PALEONTOLOGY IN THE UNIVERSITY 


If we admit the necessity of paleontology in the training of every 
geologist, the question naturally arises as to when and how the subject 
should be introduced in the undergraduate training of the student of 
geology. This question can not be considered by itself; it is included 
in the larger question of undergraduate specialization. In my opinion, 
all specialization should be reserved for the graduate school, and the four 
undergraduate years should be devoted to the laying of a foundation in 
all branches of the science and in those fundamental subjects without 
which a geologist is inconceivable—chemistry, physics, biology, and 
mathematics. I fear, however, that the divergence of the practical from 
the ideal will force a departure from this procedure in the case of the 
prospective student of geophysics. It is practically impossible to include 
sufficient mathematics and physics in a general undergraduate course 
in geology to make it possible for a student to pursue geophysics 
in the graduate school. It seems to be imperative that mathematical 
geologists and geophysicists be given a special undergraduate training 
distinct from that of geologists proper; otherwise we shall have no spe- 
cialists in these branches, for the student trained in pure mathematics 


390 W. A. PARKS—SOME REFLECTIONS ON PALEONTOLOGY 


lacks the incentive to pursue geology, and the graduate in geology is with. 
out the mathematical foundation for the geophysical edifice. With this 
exception, I would advocate a common course for all students, irrespee- 
tive of their later specialization, and in this common course I would em. 
phasize paleontology equally with branches such as mineralogy or e¢o- 
nomic geology. 

It is customary to begin the geological course with mineralogy, petrog- 
raphy, and dynamical geology. This practice seems logical and neces. 
sary, but I believe that the conception of geology will be too material and 
physical unless these subjects are taught with some relation to the time 
factor, or accompanied in the junior years by a course in which that 
factor is strongly emphasized. 

The emphasis of time lies in the historical treatment, and that treat- 
ment is impossible without a consideration of life. I have been led 
gradually to the conviction that paleontology should be introduced early, 
and that it should be taught from the biological viewpoint, but with the 
strongest possible emphasis on the fact that a genus, species, or other 
taxonomic division is not merely a morphological unit, but a unit with 
a definite range in time. It is apparent that this treatment of taxonomy 
demands some previous acquaintance with the geological time scale, 
With regard to the teaching of paleontology to the senior years, I am 
strongly of the opinion that stiff courses in morphology and classifica- 
tion, with the time factor ever present, lay a far better foundation for 
graduate work than the study of index fossils, which at the best can be 
done in a most superficial way only and which I have always found to 
be most arduous and discouraging to the student. The Lettfossilien path 
must be trod eventually, but it is a thorny one for the undergraduate; 
he must be introduced to it, but he may walk but gently. With a sound 
foundation in morphology, he will follow the road with interest and profit 
as a graduate student. 

I would emphasize this opinion, for I know of universities in which 
there are no undergraduate courses in paleontology, the subject being 
taught entirely by the “index-fossil” method. 


PALEONTOLOGY FOR OTHER THAN GEOLOGICAL STUDENTS 


Paleontology is an essential part of geological history; it is vital to 
the theory of evolution, and consequently intimately connected with the 
philosophy of life and with man’s temporal and spiritual outlook; its 
philosophical and cultural value cannot be overestimated, and it should 
be taught, at least in outline, to every student in a university. I remem- 
ber preparing, some years ago, a statement as to the value of historical 
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geology and paleontology for different types of students. I included in 
the list particularly students of theology, but the statement was deleted 
by the authorities. I still maintain the proposition and believe that a 
great majority of those present would support me. It is some satis- 
faction to record that we now have students at Toronto taking a course 
in geology as a definite preliminary to theological studies. 

Definite instruction in paleontology can not be given to the general 
public, but they may be reached through the agency of museums. The 
spectacular character of vertebrate fossils in particular makes a direct 
appeal. I believe that the Department of Vertebrate Paleontology in the 
American Museum of Natural History has done more than any other 
single agent to awake in the general public a conception of past life and 
of the mighty changes that have occurred on the globe. I know that our 
humble efforts in this direction at Toronto, aided by an appreciative 
press, have had an effect that can be detected in all grades of society. 

I shall say nothing of the value of paleontology in practical strati- 
graphic geology ; to my mind the two subjects are so interwoven that they 
are practically one. 


PALEONTOLOGY AND EVOLUTION 


The development of life on the globe and its advance to higher and 
higher expression is in itself a fascinating subject. The bearing of this 
development on the doctrine of evolution is more than fascinating; it is 
vital. No less an authority than Dr. Henry Fairfield Osborn has said 
that, despite the valuable contributions of cytologist, comparative anato- 
mist, geneticist, physiologist, and experimental breeder, the weight of 
evidence in favor of evolution rests today on the seriation of organisms 
in time. 

Unfortunately, this seriation is much less complete than might be 
desired ; in fact, it falls short of actual conviction. In practice we find 
in tracing the faunz of successive strata that replacement is much more 
common than transformation. Migration, of course, is the plausible 
explanation ; but I feel that an appeal to migration alone will not satisfy 
most observers. It is in this connection that I would venture to present 
certain aspects of the subject that have occurred to me. 

In the first place, I think harm has been done by the popular repre- 
sentation of life as a tree with a stout trunk dividing into branches and 
twigs. Burying the tree in sand and allowing only the terminal twigs 
to appear may improve the conception, but the picture is still far from 
the truth. A visualization of the chain of life depends on many factors 
not yet established—on the nature of life itself, on the conception of 
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species and of taxonomy in general, and on the causation and modus oper. 
andi of evolution. Until these fundamentals are better understood, 
graphic representations of the development of life are liable to serious 


error. 

He would be a rash individual who would attempt to define life, but it 
is permissible for us to frame a working hypothesis which we can apply 
in our discussion of life problems. I find that an emphasis on the mental 
development rather than on the physiology and morphology of an or- 
ganism gives me a conception of life that leads to fewer difficulties. | 
like to think of a living creature as an aggregate of tendencies and habits 
inherited from antecedents. It is a secondary matter that those tend- 
encies and habits require a physico-chemical apparatus for their expres- 
sion. It is the ability and incentive to do that constitutes the organism, 
not the mere machine necessary for the doing. 

We have become so accustomed to regard “species” as the primary unit 
that the individual is more or less overlooked. I think it well to re. 
member that the individual is the only true unit of life, and that it 
is through individuals rather than by successive species that the chain of 
life is carried back to its source. The lineage of every living creature 
lies through an uninterrupted sequence of individuals to the primordial 
protoplasm of the pre-Cambrian. This line or lineage would be more 
direct and definite if all reproduction were asexual or hermaphroditic. 
The introduction of sex, however, greatly complicates our conception of 
the individual. It is no longer the representative for the moment of a 
directly transmitted series of tendencies, but an extremely complex ag- 
gregate, made up of a vast number of tendencies derived from a host of 
ancestors. The actual number of ancestors of any living individual, 
at some time in the past, must have reached a maximum that may or may 
not have included all living creatures capable of interbreeding. Prior to 
the time of that maximum the number must have decreased to the pri- 
mary pair or small colony of the species. This reduction in number is 
evidently due to closer inbreeding. It would appear, therefore, that the 
ancestry of an individual is divisible into an early part, in which the 
primary ancestral tendencies are being communicated to an increasing 
number of individuals, and a later period, in which those tendencies are 
converging toward the individual of today. 

With free communication and mathematical selection of mates, the 
total number of ancestors of each of the individuals of a given time 
would be the same. Inbreeding, however, whether the result of isola- 
tion or otherwise, will have affected this number seriously and will also 
have affected the time at which the maximum number occurred. 
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A species is made up of all individuals sufficiently alike, living or 
dead, and the history of a species is that of continuous spreading out. 
There can be no question of two stages, as in the ancestry of an individ- 
ual. The species can not be defined in terms of any individual. 

It is apparent that a species must include individuals necessarily 
unlike in the number of ancestors, first, because the early members of 
a race are fewer than the later members, and, second, because, due to 
sex alone, the individuals of any time may vary greatly in the number 
of ancestors. 

Fixation of habit is, in my opinion, the main cause of the destruction 
of races under adverse conditions. Disregarding undoubted factors 
tending in an opposite direction, it may be stated, nevertheless, that 
repetition tends to fixation. The conclusion is obvious that the mem- 
bers of a species with fewer ancestors, whatever the cause, are less fixed, 
more flexible, more liable to survive, and more likely to give rise to 
new species than the individuals with a larger number of ancestors. 
The history of organisms supports this conclusion. It is well known 
that an old habit broken or a new habit formed heralds a surge of specific 
differentiation, because the new ancestry is of short duration; it is 
known, also, that isolation and consequent inbreeding tends to the pro- 
duction of new varieties. 

There is another aspect of sex that may have a bearing on the phe- 
nomenon of evolution. Darwinism emphasizes the accumulation of 
strains by the mating of similar individuals; is it not possible that the 
mating of dissimilar individuals may tend also to the production of new 
varieties? If an organism is primarily an aggregate of habits and 
tendencies, a tendency or habit inherited from one parent may be weak- 
ened or counteracted by the inheritance from the other. If we regard 
fixation of habit as an important principle in the life of a race, it is 
apparent that the condition stated above would tend to plasticity. In 
fact, I believe that the mating of two very different members of a species 
might be an important factor toward the creation of a new species, be- 
cause fixation, the great enemy of life and of evolution, is arrested. 

In addition to the differences between members of the same species 
due to sex and time, there are other differences due to a multitude of 
causes. I think we should realize more fully that individuals differ, and 
that the difference may be much greater than the anatomical structure 
indicates. If we admit that habits and tendencies are the chief attri- 
butes of life, those habits and tendencies may vary considerably as be- 
tween the different individuals of a species, without any apparent mor- 
phological expression. Some individuals may be very closely adapted 
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to the environment—for example, to temperature; others may be ca- 
pable of a wider range; the latter stand the better chance of survival on 
the advent of changed temperature. I have stated elsewhere that I be- 
lieve the chances of an individual surviving changed conditions is in 
inverse ratio to the closeness of its adjustment, which is the same 
as its fixation of habit. It is to the less closely adjusted members of 
a species that we must look for the ancestors of new species, and, in gen- 
eral, the less closely adjusted individuals occur in the early history of a 
species, before fixation of habit has made further development impos- 
sible. Accepting the theory of slow and continuous evolution, it is ap- 
parent that species can not be defined on morphological grounds. It 
is possible, however, to place the inception of a species at the time when 
conditions have brought about an enforced change of habit, although 
the physiological and morphological expression may be delayed. 

I do not propose to discuss the limitations of species. No satisfactory 
definition is yet forthcoming, but, as far as living creatures are con- 
cerned, the geneticist and cytologist may yet arrive at definite deter- 
minative characters. Such criteria, however, can not be applied to fos- 
sils, and I feel that the theoretical idea of species as stated above is most 
satisfactory as a working hypothesis. 

To the practical paleontologist, having only the morphological evi- 
dence in hand, a species is the anatomical expression of certain habits 
of life that continue for a greater or less length of time. The time 
factor is essential to the conception of a fossil species, yet it can not 
be used to define species in general; some species have persisted from 
the Eocene to the present—50,000,000 years ; others are little more than 
ephemeral. Generally speaking, I think it may be stated that species 
are more sharply defined upward than downward. The end of a species 
is generally apparent; its inception, theoretically, is gradual, and prac- 
tically, a matter of difficulty to determine. In fact, the downward 
limit of a species is determined by our knowledge of its occurrence, but 
in ninety-nine cases out of one hundred its origin by direct seriation 
from a prevous species is not known. 

It might be said that the same is true for the upward limit of a 
species ; there is, however, this difference: a species must have an origin 
from a preexisting species, but it is not necessary that it should be 
transformed into a still later species at the close of its régime. In 
fact, it would appear that the vast majority of species became extinct 
without giving rise to new species. This leads to a recognition of two 
kinds of species—those which were ancestral and those which were not. 
The life of today, or of any period, undoubtedly arose from the life of 
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the age next preceding; but in all probability, only a small percentage 
of that life was ancestral. Could we discriminate between the vast host 
of species that passed without descendants and the relatively few that 
gave rise to new forms, we should clear away the mass of collaterals 
and bring the true lineages out in relief. In this direction paleontology 
js now proceeding. With the completion of this herculean task, the 
old idea of end-on evolution, now moribund, will have become as dead 
as the doctrine of the creationists. 

Defining an organism, in the first place, as an aggregate of habits 
and tendencies, we find in every creature an intense desire to maintain 
those habits and tendencies—a universal attribute of life that we may 
call “the desire to continue.” ‘This desire is expressed, first, in the 
effort to maintain the life of the individual, and, second, in the effort 
to perpetuate the race. Heredity, therefore, is a factor that has at- 
tained today an increasing significance, owing to our greatly increased 
estimate of the length of geological time. The fidelity of reproduc- 
tion through millions of generations is one of the most marvelous and 
impressive facts revealed by the study of paleontology. So strong is 
this tendency that I think we may conclude that an organism will not 
materially change its habits, and consequently its morphological ex- 
pression, unless forced to do so by change of environment. 

Further, I believe that unvarying conditions tend to the fixation 
of habit, resulting in closeness of morphological adjustment, and that 
the closer this adjustment becomes, the less possibility is there of an 
animal changing its habits and evolving into a new species. From 
this viewpoint our well-defined species, so commonly met with, rep- 
resent forms which have become so closely adjusted that the possibility 
of change is reduced to a minimum; they have passed the stage in which 
evolution is possible and become extinct with unfavorable change. If 
this particular species ever gave rise to another, it must have done so 
before its habits became fixed, in the early days of its history, when 
its numbers were few and before it had become a conspicuous element 
in the fauna of the time. Consequently, it is not remarkable that the 
connecting links between species are but rarely found. The great 
inheritance of a species is life itself, and life is an aggregate of habits 
and tendencies. Evolution is possible simply because habit can be 
changed and new tendencies developed. The morphological differences 
are of secondary significance and are but the physico-chemical expres- 
sion of change of habit. Heredity is a necessary expression of the 
desire to continue. Perhaps this same desire may be regarded as the 
primary cause of evolution itself, and possibly, also, it may account 
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for the great law of tendency to the complex so strikingly revealed in 
the study of paleontology. 

Evolutionary changes seem to be directed, almost continuously, to- 
ward greater efficiency—that is, they are to be regarded as improve- 
ments. This must be the case if the changes occur in order that life 
may the better continue. A change to a lower grade is contrary to a 
general law of life and must be regarded as abnormal in the same sense 
that suicide is abnormal. A pathological condition, due to poison or 
race sickness, seems to me to be the only explanation of retrogression. 
In consequence I should hesitate to accept retrogression as the explana- 
tion of observed conditions, as, for example, the loss of teeth in the 
Edentata or the reproductive methods of the marsupials. 


"'AXONOMY 


“Species” is admittedly difficult to define; the origin is gradual and 
the first members of a species are but varieties of a parent species. For 
similar reasons, it is still more difficult to define genus, family, and the 
higher taxonomic ranks. The holus bolus transference to paleontology 
of the binomial nomenclature and the accepted taxonomy of the neo- 
biologist has not facilitated paleontological investigation ; rather, it has 


tended to becloud a clear conception of the advance of life in time. 

Our theoretical, pure genus is a divergent group of species spring- 
ing from a common ancestor and characterized by some marked common 
habits expressing themselves in common anatomical structures. A 
genus, like a species, involves the time factor, and on the basis of inter- 
gradation we can scarcely expect the earliest members of a genus to 
show the generic features in their fullest expression. It is question- 
able, therefore, if our so-called genotypes are well chosen. They are 
generally the best developed or the first described species of the genus. 
Should they not be the earliest and least developed; or, better, should 
a true genus ever be defined in strictly anatomical terms? The same 
statements apply with even greater force to families and orders. These 
principles are now being recognized and definitions of families and 
genera are being founded on tendencies rather than on rigid morpho- 
logical expression. 

It is easy to say that a genus is a group of related species springing 
from a common ancestor. But a genus must begin, and it can begin 
only in a species, or even only in an individual. The new feature is at 
first but slightly developed. Is it specific or generic? Is there any 
difference between species and genus? Is it not apparent that a certain 
individual creature is at once a variety of an old species and the first 





TAXONOMY 397 


representative of a new genus? In any event, it would seem that the 
binomial nomenclature and the conception underlying it are proving 
a stumbling block, rather than an assistance, in both practical and 
philosophical paleontology. Species are vague, and genera are merely 
concepts for convenience. The differences of higher rank that char- 
acterize families can be manifested only by species (better, only by 
individuals), but our system demands that every individual must go into 
a family, just as it must go into a genus. The family definition must 
be extremely elastic to include the earliest and latest forms of a series, 
or we must admit that major evolution has not occurred by gradual 
changes through successive species, but by sudden adjustments of a 
deep-seated character. Modern classifications recognize the necessity 
of defining families in terms of progressive development. Neverthe- 
less, the conception of a family demands at least the beginning of a 
major characteristic. But at first this character is only individual, 
then specific, then generic, then family. The new thing that appears 
is an individual, and in some cases that individual is truly remarkable ; 
it is at once a new species, a new genus, and a new family; we may go 
further and say a new superfamily, a new suborder, a new order, and 
a new class. : 

Our accepted system of taxonomy forces us to this conclusion—a con- 
clusion at variance with the facts and with the whole theory of evolu- 
tion. It is perfectly obvious that, on the theory of gradual and con- 
tinuous evolution, a departure from the ancestor occurs, perhaps in an 
individual, perhaps in a small colony; in time—perhaps after many 
generations—by parallelism and interbreeding, the difference is suffi- 
ciently accentuated to constitute a new type of organism, let us say, 
a new species. The intermediate forms belong to the old or to the new 
species, at our discretion. Vertically, at least, the limitation is quite 
arbitrary; laterally, it may be equally so. The conception of species, 
however, seems to be useful and necessary. Not so with genera and 
higher taxonomic divisions; they are undoubtedly convenient, but they 
are not real things. The great invertebrate phyla have become real 
things, in virtue of our ignorance of their origin in the pre-Cambrian. 
The greater our ignorance, the nearer real is a taxonomic division—a 
poor basis for philosophic discussion. 

The accepted system of taxonomy is founded on morphological re- 
semblance in the first place, but we have now added phylogenetic con- 
nection as an essential. The problem has become more scientific, but 
the difficulties have vastly increased. In paleontology it is precisely 
this question of descent that is the important phase; unfortunately, 
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it is only morphology and seriations in time that are available for 
its solution 

The old subkingdoms of Vertebrata and Invertebrata are no longer 
recognized as comparable divisions. The great phyla of invertebrate 
creatures are still clearly recognizable, because their origin is lost in the 
mists of the pre-Cambrian, but the orders run together and the families 
and genera are at the mercy of the individual opinion of the systematist. 
The binomial system is giving place to a trinomial, and it is not difficult 
to foresee the entire replacement of the former by the latter. Genera 
are being broken into subgenera, and families into subfamilies. In 
fact, our whole system of classification, with its morphological basis, is 
in a state of flux and uncertainty. No classification is true that is not 
genetic, and a physiological basis may yet replace the purely morpho- 
logical, as it would seem nearer to the truth. Nearer still would be a 
classification based on inherited tendencies and habits and their modi- 
fications by enforced change. A classification of this kind would be 
ideal, flexible, and essentially genetic, but I fear impossible to obtain, 
as the fossil evidence on which it must be based is essentially morpho- 
logical, fragmentary, and complicated. 

Sir Oliver Lodge has said that a new generation of four-dimensional 


physicists must be born before the theory of relativity can be under- 
Perhaps a new generation of nontaxonomic paleontologists is 
required to interpret the development of life on the globe. 


stood. 


CONVERGENCE 


The theoretical conception of a taxonomic division demands blood 
relationship and divergence from a common ancestor. The practical 
determination of the members of a division depends on mere morpho- 
logical resemblance assisted by seriation in time. There is usually no 
proof that the common character on which the grouping is based did 
not originate in more than one source. On the other hand, there is 
often internal evidence that it did. Polyphyletic genera have been 
conclusively proved, and that proof is presumptive evidence that many 
other genera regarded as pure are merely convenient morphological 
groupings of diverse strains rendered similar by convergence. 

That similar environment acts similarly on very diverse stocks to 
the development of similar morphological features is undoubted. The 
whales and fishes, the flying reptiles and birds, are outstanding 
examples. If this principle can manifest itself in strains so diverse as 
these, is it not probable that it is continually at work in races more 


closely related ? 
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Professor Willey, of McGill University, in his work on convergence 
in evolution, has emphasized the ever-present working of this principle. 
He points out, with numerous examples, the general fact that morpho- 
logical and histological similarity are very often misleading bases of 
taxonomic subdivisions. He concludes: “I have failed in my purpose 
unless it has been made abundantly clear that the influence of con- 
vergence in evolution has been widespread, deep-seated, and intimate, 
more so than is generally recognized.” 

With this opinion I am heartily in agreement. 


Mimicry 


In all life there seems to be no more remarkable and inexplicable 
phenomenon than that of mimicry. I am not competent nor do I wish 
to discuss this phenomenon, whether Miillerian or Batesian. Together 
with protective coloration and the imitation of inanimate objects, it 
stands as evidence of the fact that one group of organisms and even in- 
animate objects have an effect on other groups of organisms apart from 
the evident effects of the strife of races, food supply, relation of para- 
site to host, and other interactions involved in the struggle for existence. 

Mimicry is best shown in the pattern coloration of the wings of 
butterflies, and authorities are of the opinion that no deep-seated mor- 
phological change is involved. In the case of such peculiar protective 
adaptations as are shown by “stick” bugs, there must be a more deep- 
seated morphological adaptation. I am aware of no investigation as 
to the effect of mimicry among fossils. That such phenomena oc- 
curred seems to be a fairly certain conclusion. Discarding the word 
“mimicry” in the technical sense and using the more general word 
“imitation,” is it not possible that this factor has had some influence 
on the process of evolution, and may it not also have some relation 
to convergence ? 


CONTINUOUS OR DISCONTINUOUS EVOLUTION 


The great question of continuous or discontinuous evolution, so long 
a subject of dispute, is again coming much to the fore. The mutational 
theory of De Vries, generally dismissed as a potent factor, is now 
being brought forward again. We must do something to explain the 
lack of seriation. Mutation is a great help. In his recent number V 
of the Origin of Species, Dr. Osborn reviews this factor: 

“Evolution in the Amphibia has not always been gradual and progressive 
in time and space. Pronounced and sudden changes, whatever be their 
origin, have also occurred.” 
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But Dr. Osborn concludes: 


“Speciation is a normal and continuous process; it governs the greater 
part of the origin of species; it is apparently always adaptive. Mutation 
is an abnormal and irregular mode of origin, which, while not infrequently 
occurring in nature, is not essentially an adaptive process; it is, rather, a 
disturbance of the regular course of speciation.” 


Slow and continuous speciation has been generally accepted by 
paleontologists, despite the fact that the general evidence of the time 
scale is against it. Species, genera, and higher divisions usually ap- 
pear with an abruptness that demands an appeal to migration or to 
lost record for explanation. Perhaps we are so eager to accept con- 
tinuous evolution that we fail to admit the extreme probability of com- 
paratively rapid evolution at times. We must not forget that the ap- 
pearance of a new major characteristic is a great event in time, even if 
not instantaneous. 

The origin of Metazoa from Protozoa was one of the most significant 
advances in the whole history of life, and in its very nature must have 
been abrupt. This event took place probably a billion years ago. Never 
since have the Protozoa given rise to aught else than unicellular off- 
spring. Advance of life en masse is an erroneous conception that led 
to the idea of end-on evolution, now happily abandoned. Too rigid 
an adherence to the doctrine of continuous evolution savors of the same 
ilea. 

Returning to the attempt to express graphically the chain of life, 
it is apparent that the concept of a branching tree is very misleading. 
The large size of the trunk conveys a wrong impression, the sudden ap- 
pearance of the branches is incorrect, and there is no indication of the 
independent continuation of the lowly forms of life. One may con- 
ceive many mental pictures that are nearer to the facts, but none that 
I have formulated lends itself to satisfactory graphic representation. 

A natural result of the better understanding of the chain of life is 
the breaking of species into varieties and the creation of innumerable 
new genera and subgenera. This highly desirable tendency carries 
with it, however, a very serious difficulty—the necessity for elaborate 
description and excellent illustration. In my own work I have found 
the greatest difficulty in recognizing varieties from the illustrations 
available. Half-tone reproductions of photographs are almost useless 
to portray the small distinctions on which varieties are often based. 

A second difficulty of a very different kind arises from the quite 
opposite tendency to reduce the number of taxonomic divisions of inter- 
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mediate grade. This tendency, as in the case of the ammonites, makes 
generalizations for junior students much more difficult. It would ap- 
pear that stratigraphic geology gains by the greater detail of varietal 
distinctions, but that the breaking down of taxonomy renders more 
difficult a general presentation of geological history. That modern 
investigation tends to the breaking down of taxonomy and to the multi- 
plication of varieties is quite in accord with the theory of evolution 
and is a strong argument in its support. 

I have referred already to the greater estimate of geological time 
and its effect on our conception of the history of life. So long is time 
and so slow is evolution that we are amazed, not that change had oc- 
curred, but that there has not been even greater departures from the 
original form of life. The larger estimate of time increases our regard 
for the marvelous strength of heredity. On the other hand, it renders 
more difficult a plausible explanation of the total disappearance of great 
races. For example, the dinosaurs dominated the whole earth for 150,- 
000,000 years. Surely, in that length of time, they must have en- 
countered and survived difficulties as great as those at the close of the 
Cretaceous. ; 

The literature of paleontology has always been scattered, with the 
result that the getting together and maintenance of a library is attended 
with much difficulty. To this end the various governmental bureaus 
have greatly assisted by the gratuitous distribution of their publica- 
tions. The worker in a smaller institution, however, is still often in 
doubt as to the completeness of his record, and he is always in fear 
of adding to the already burdensome synonymy. A much-appreciated 
work is Bassler’s “Index to Ordovician and Silurian Fossils.” Had we 
a similar compilation for each of the great systems, the danger of over- 
looking a known form and of the creation of a redundant species would 
be largely removed. 

In closing, I beg that you will consider the remarks I have made as 
reflections only, in accord with the title of this address. I have taken 
advantage of the immunity accorded a President in making statements 
without bringing forward adequate proof and I have left myself open 
to the charge of indulging in armchair philosophy. The charge is 
readily admitted, but I would urge in justification, that perhaps the 
time has come when a degree of speculation may be of assistance to the 
intensely observational and practical methods, toward which the pendu- 
lum of investigation has swung so strongly in recent years. 

If I may be permitted to make a suggestion to the Paleontological 
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Society, I should like to see some philosophical aspect of the science 
made a subject of special inquiry. Among the membership are gentle- 
men skilled in particular phyla or in restricted geological divisions, 
Could the experience of the membership be compiled on such a subject, 
for instance, as convergence, I am sure that a Very valuable contribu- 


tion would be made to the philosophical aspect of paleontology. 
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INTRODUCTION 
es 


The rivers of Gaspe are of special interest for many reasons. It is 
along their lower reaches that most of the agriculture of the peninsula 
is developed, and it is at or near their mouths that the small villages and 
fishing communities have been established. These rivers serve as high- 
ways for the lumbering industry, which is the chief activity of the region. 
Many of them are famous for salmon, furnishing some of the finest fly- 
fishing in the world, and along their valleys the hunter of moose and 
caribou, the timber cruiser, and the prospector find access to the interior. 
To the physiographer they offer a number of problems, notably some 
anomalous drainage features, which will be discussed in this paper. 


GEOGRAPHIC SUMMARY 


Gaspe Peninsula is that part of the Province of Quebec which lies 
south of the Saint Lawrence River, north of Chaleur Bay, and east of the 
Matapedia River and Lake Matapedia (figure 1). Its length from east 
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to west is about 150 miles and its greatest width is 90 miles. It is a 
wooded region, with a small population, mainly located in a narrow 
fringe along the coast. The principal rivers are shown in figure 1. The 
largest flowing northward to the Saint Lawrence are the Matane, the 
Cap Chat, the Sainte Anne, and the Madelene, the largest ones flowing 
southward to the Bay of Chaleur are the Nouvelle, the Grand Cascapedia, 
the Little Cascapedia, and the Bonaventure. They are swift and have 
numerous rapids, which, however, are only locally impassable by canoes. 


ToPoGRAPHY 


Gaspe is a plateau dissected by valleys having steep-sided slopes. The 
highest part is a belt, 2 to 15 miles wide, known as the Shickshock Moun- 
tains, which stand 15 to 25 miles from the Saint Lawrence and extend 
more than 50 miles to the east-northeast. The summits of this range 
reach elevations of 3,000 to 4,200 feet above sealevel. To the north, east, 
and south there is an abrupt descent. The tops of these mountains, 
which have a mature surface, are flat or gently rolling. Tabletop, the 
highest and most easterly summit, is a series of low domes separated 
by depressions containing lakes and ponds (see plate 11, figures 1 and 2). 
It is 12 miles long, 4 miles wide, and has an average elevation of about 
3,500 feet. Its highest dome is Mount Cartier, 4,200 feet high. To the 
west, across Sainte Anne River, Mount Albert, which is 344 miles long, 
1144 miles wide, and about 3,700 feet high, has a very level surface of 
bare rock. Mount Logan, near the Cap Chat River, has an elevation of 
3,754 feet. It consists of a little peake that rises above a broad, flat sum- 
mit. Mount Leclercq, or Mont Blanc, near Lake Matane, 3,200 feet 
high, has a similar broad, flat surface, and many other domes show identi- 
eal features. We have here, obviously, an elevated erosion surface de- 
veloped on hard rocks. Tabletop is Devonian granite; Mount Albert is 
Ordovician serpentine surrounded by amphibolite, and the range to the 
west is made up of Ordovician volcanic rocks. 

This high country is surrounded by a lower plateau (see plate 13). 
To the north there is an abundant descent to a plateau that stands about 
2,000 feet lower, developed on shale. The interfluvial areas have very 
flat summits and the streams are deeply entrenched in steep-sided valleys. 
To the south and to the east of the mountains there is a similar descent to 
a lower plateau, developed on limestone, shale, and sandstone. The eleva- 
tions of these flat-topped interfluvial areas on the south side of the moun- 
tains range from around 1,000 feet near the Bay of Chaleur coast to an 
average of about 2,000 feet in the middle of the peninsula. In this region 
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any one standing on a cleared or barren summit sees a remarkably even 
skyline in every direction. Only here and there can the observer see an 
irregularity caused by some summit, usually composed of igneous rock, 


that rises slightly above the general level. 


PECULIARITIES OF DRAINAGE 


The Matane River rises north of the Shickshock Mountains and flows 
southward, expanding into lakes at three places within the range. It 
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Ficurk 2.—The Matane Drainage 


turns to the west after it has passed through the mountains, and then, 
in a northwest swing, it traverses the mountain belt once more before it 
reaches the Saint Lawrence (figure 2). Its upper waters are separated 
by only a low divide of marshy land from the waters of the Little Matane 
River, which lies north of the mountains and flows northwest, and then 
west, to join the Matane. 

The Cap Chat River rises south of the Shickshock Mountain, flows 
northward, directly across the range, in a deep, narrow valley and con- 
tinues through the lower plateau country to the Saint Lawrence (figure 
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3). The Sainte Anne River rises in a lake that lies south of the range; 
then, like the Cap Chat, flows in a deep, narrow trench through it, and 
finally joins the Saint Lawrence. All three of these rivers and a number 
of others in this region have long eastward or westward trending 





St. Lawrence River. 
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Ficctre 3.—The Cap Chat Drainage 


stretches that are practically normal to the main direction of their flow. 
Though the peninsula in the latitude of Cascapedia River is more than 
80 miles wide, that stream rises within 14 miles of the Saint Lawrence. 
The adjacent northward-flowing Sainte Anne, east of the Cascapedia, 
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rises more than 30 miles from the Saint Lawrence, and the Cap Chat 
River, west of it, rises about 25 miles from that river. In other words, 
there is an interfingering of headwater drainage, but an interfingering ip 
which the high mountainous belt, which we might expect to serve as a 
divide, plays but an insignificant part. 


GEOLOGY 


Gaspe consists of Paleozoic rocks, and the general structural lines run © 
eastward in a broad curve that is roughly parallel to the north shore of ~ 
the peninsula. The oldest rocks, which outcrop along the Saint Law- é 
rence, consist of slate and limestone conglomerates of Ordovician age, ~ 
These beds are overlain by a thick series of volcanic rocks and inter; ~ 
bedded sediments, which form much of the high parts of the Shickshock ; j 
Mountains. In Ordovician time there were movements accompanied by f 
intrusions of peridotite. Uneonformably overlying the Ordovician rocks ~ 
is the Gaspe limestone, in part Silurian and in larger part Lower Devo- 
nian. These strata are overlain by a thick series of Devonian lavas, on 
which rests the Gaspe sandstone, of Middle Devonian age. The Gaspe 
limestone is over 2,500 feet thick and the Gaspe sandstone is at least 
5,000 feet thick. These strata were folded in late Devonian time, and 
the folding was accompanied by the intrusion of the Tabletop granite, a 
batholith, and its accompanying masses of syenite and porphyry. Sub- 
sequent erosion has but slightly incised this deep-seated intrusive mass, 

A younger series of sediments, consisting mainly of coarse red con- ¢ 
glomerate known as the Bonaventure, supposed to be of Carboniferous 
age, crops out along the Chaleur Bay. This is the youngest bedrock” 
formation in the region. The subsequent geological history must ac” 
cordingly be interpreted from physiographic data. 4 














PHYSIOGRAPHIC History 


It would be interesting to unravel the physiographic development 
this region from its earliest stage, but the farther we go back in time 
the less certain is the evidence; so it may be best to begin with some of 
the more recent events, concerning which definite information is av 
able. Accordingly, it is best to consider the Pleistocene physiographi¢ 
history and then attempt to decipher the pre-Pleistocene history. 


GLACIATION 


The interior of Gaspe was probably not overridden by the continental 
Pleistocene ice-sheets. Along the north shore of the peninsula there 
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are erratic boulders of gneiss and other rocks of pre-Cambrian age, 
many of them of huge size, derived from the north shore of the Saint 

Lawrence. Such erratics are not found, however, more than a few miles 
inland or above an elevation of 1,000 feet, where, however, there are 
numerous boulders of local derivation. It is also significant that there 
are no smoothed, polished, or striated surfaces on the wide areas of solid 
bare rock on the summits of the Shickshock Mountain present. These 
summits, while broad and flat in general, are very uneven in detail, 
presenting many irregularities which could not have survived the ero- 
sion caused by an ice-sheet. Along geological contacts, such as that be- 
tween the serpentinized peridotite of Mount Albert and its surrounding 
band of amphibolite, or that between the granite of Tabletop and its 
surrounding zone of altered sediments, the rock found in loose fragments 
at the surface on the two sides of the contact is like the rock in place 
beneath. The movements of a continental glacier would certainly have 
shifted these loose fragments and mixed them up irregularly (see plate 
13, figure 1). 

There was, however, local glaciation in the interior of the peninsula. 
Well-defined cirques border many of the higher mountains, such as Table- 
top, Mount Albert, and Mount Logan (see plate 12, figure 2). Lake of the 
Americans lies at the bottom of a long cirque on the west side of Table- 
top. Between Mount Logan and Mount Pembroke, in the Cap Chat 

River region, is another typical cirque, which is bounded by nearly ver- 
tical walls from 1,000 to 1,500 feet high. These local glaciers spread out 
to the north, east, and south and carried out boulders of all sizes, but 
they did not greatly disturb the surface. Nearly everywhere the loose 
fragments of rock on the surface show the character of the rock under- 
neath. Erratics of practically all the rocks of the interior of the penin- 
sula, however, can be found. One of the best places to study them is the 
summit of Federal Hill, in Lemieux Township, where a large area has 
been cleared of trees and the loose material is well exposed. Here there 
are boulders of granite, porphyry, syenite, quartz, and volcanic rock, but 
none consisting of material brought from beyond the Shickshock Moun- 
tains. The local glaciers that dropped them apparently touched the 
region lightly. 

. Since the ice disappeared, there has been uplift, which is shown by the 
postglacial terraces around the peninsula. A series of these terraces 
along the north shore show an uplift of at least 480 feet since Pleistocene 
time. These terraces are not necessarily of postglacial marine origin. 
They are probably Tertiary river terraces, which were covered with un- 
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consolidated material, chiefly glacial, and recarved during postglacial 
emergence. The most pronounced of these terraces is the Micmac Beach, 
which stands about 20 feet above sealevel and forms a striking topo- 
graphic feature along the north shore of the peninsula. This terrace 
rises from east to west, showing that the uplift was differential. 

The recent uplift, however, has not been enough to offset the depres- 
sion in Pleistecene. time. In other words, the region stood higher in 
Tertiary time than it does today, for the bed of the Saint Lawrence off 
the Cap Chat and Sainte Anne rivers lies 1,000 feet below sealevel. 


PreE-PLEISTOCENE History 


After thus glancing at the recent physiographic history, we can seek a 
more theoretical interpretation of the events which took place prior to 
Pleistocene time. The absence of sediments laid down since the Carbon- 
iferous shows that it was a time of practically continuous erosion, or if 
sediments were doposited they were removed. 

The first notable event was the elevation of the region, in late Devo- 
nian time, by which a comparatively horizontal ‘surface, covered with 
flat-lying sediments, was raised from the sea. The axis of uplift was a 
line along the middle of the peninsula, and, as the region rose, two sets 
of consequent streams were developed, one set flowing northward and 
one southward. As elevation continued, the strata were folded and a 
lofty range of mountains rose along this medial line of the peninsula. 
This uplift was, no doubt, slow, and the original consequent streams 
probably maintained their courses during its progress. 

What was the exact location of the old range of mountains that 
formed the early divide? The evidence that may help us to answer this 
question consists of two elements: first, the pattern of the headwater 
tributaries of the present stream, and, second, the position of the 
batholithic mass that crops out in the interior of the peninsula. For 
areas shown on contoured topographic maps, such as the headwater 
region of the Sainte Anne and Little Cascapedia and the Cap Chat- 
Dascapedia divide, we can easily deduce how much stream piracy has 
taken place and can determine the position of the old divide For ex- 
ample, where southward-flowing streams converge to join a main river 
that flows northward, we can infer stream capture and can place the 
original divide north of such tributaries. 

The second element of the evidence, though less conclusive, confirms 
strongly the deductions drawn from the first. Most mountain ranges 
have a core of granite, which becomes exposed after they have been dis- 
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sected to sufficient depth. Such a granitic core is exposed in Gaspe. It 
forms the greater part of Tabletop Mountain and cuts across the strike 
of the Gaspe formations, which runs eastward Another belt of granite 
extends westward for 20 miles from the south end of Tabletop, forming 
a band in which Hogback and Barren Mountains are the most conspicu- 
ous features; and 20 miles to the east, at.-the.>eadwaters of the York 
River, a band of similar intrusive extends along practically the same 
line. This line is therefore considered the axis of the main batholithic 
mass that underlies the peninsula. If we conclude that this line marks 
the middle of the old mountain range, we find that we have put the early 
divide in the same position that was indicated by a study of the drainage 
pattern. Certainly the divide must have laid south of the present 
Shickshock Mountains. The consequent drainage resulting from De- 
vonian deformation is diagramatically represented in figure 4, A. 

Long erosion eventually baseleveled the old mountains, leaving a 
region of low relief that rose gently westward, with only a low divide 
between the northward and southward flowing streams where the coun- 
try was once rugged. The most noticeable result of this erosion was the 
development of subsequent drainage lines. As the strike of the forma- 
tions is eastward, the streams flowing eastward or westward in soft 
rocks had a greater advantage over the other streams, which had to carve 
their valleys across areas made up of rocks of varying degrees of hard- 
ness, where the rate of cutting was determined by those that were the 
more resistant. Figure 4, B, is an ideal sketch showing the drainage of 
an area when it was first reduced to a peneplain. The age of this pene- 
plain is assumed to be early Tertiary. The areas of it that still persist 
are so large that it could hardly be of earlier date. 

The next event was uplift, which once more started active erosion. In 
this erosion the effect of the band of hard rocks that compose the present 
Shickshock Mountains became noticeable. These rocks were much 
harder than the beds of limestone of the old divide, which were conse- 
quently worn down, leaving a belt of hard rock standing above the sur- 
rounding country. In time a second peneplain was developed on the 
softer shales north of these rocks and on the limestones and sandstones 
south of them, leaving outstanding the belt of more resistant volcanic 
rock. Once again an uplift started the cycle of erosion by which the 
present vallevs were formed. The steepness of these valley slopes sug- 
gests that this uplift could not have taken place before Pliocene time. 
The drainage lines after the uplift are shown in figure 4, C. These 
lines are much the same as those of the peneplain stage, but they show 
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the shifting of the mountain belt northward. This diagram shows 
almost exactly the present drainage lines from the divide between the 
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Ficcure 4.—Diagrammatic Representation of Topography and Drainage Changes in Gaspe 











waters of the Cap Chat and the Cascapedia, so that no further explana- 
tion of the Cap Chat drainage is necessary. 








CHARACTERISTICS OF THE MATANE DRAINAGE 


MaTANE DRAINAGE 


During the periods of erosion that followed the uplift of the pene- 
plain, stream capture repeatedly took place. ‘Tributaries flowing along 
weak rocks deepened and widened their channels and ate their way 
backward by headward erosion more swiftly than their neighbors that 
were flowing on hard beds or on beds of varying hardness. In time 
streams with such advantages stole the waters of their neighbors. The 
Matane is an example of this type. It has a. peculiar course, in which it 
twice crosses the Shickshock Mountains. Figure 4, D, is a diagrammatic 
sketch of its drainage. When consequent drainage was dominant two 
consequent rivers flowed northward from the west end of the Shick- 
shock Mountains, in Gaspe, to the Saint Lawrence—one from the region 
now occupied by the Matane lakes and the other along a line correspond- 
ing to the lower northward-flowing part of the present Matane. The 
development of subsequent drainage produced a number of changes. 
The Little Matane, a subsequent tributary of the western river north of 
the mountains, captured the drainage of the eastern river. Another sub- 
sequent tributary of the western consequent river south of the mountains 
captured the upper waters of the eastern river. In this way the western 
river captured practically all the drainage of the eastern river. An ero- 


sion contest next arose between these two subsequent tributaries for dom- 
inance. The one south of the mountains, flowing along the contact of the 
volcanic rocks and the limestone, deepened its channel faster and won, 
chus obtaining the greater part of the drainage of the original eastern 
consequent stream. The delicate adjustment of the present drainage 
system is shown in figure 5, which is a contoured map of the divide be- 
tween the waters of the Little Matane and the waters of the southward- 


flowing Matane. 


SAINTE ANNE DRAINAGE 


At its headwaters the Sainte Anne also shows an excellent example of 
stream piracy, having captured about 55 square miles from the Little 
Cascapedia. The progressive steps in this piracy can be easily traced. 
The writer has already sketched them in Memoir 144, on the Mount 
Albert map area; but, as this area affords an excellent example of the 
peculiar drainage conditions in Gaspe, a brief restatement of the condi- 
tions and of their development will be given. Figure 6 shows the drain- 
age features of this area. They are due to two general causes: first, to 
the normal physiographic development already described—that is, to the 
reduction of the original mountains, which lay south of the present 
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Shickshocks—and, second, to a peculiar arrangement of hard and soft 
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Figure 6.—Sainte Anne Drainage 


In the area south of Isabelle River all the tributaries of the Sainte 
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Anne flow southeast and southwest, converging toward the Little Cas- 
capedia. A striking example is Poplar Creek, a stream that flows south- 
ward here before joining the Sainte Anne, which here has an almost 
parallel but opposite course. The divide between Lake Sainte Anne 
and the Little Cascapedia is low ground. A rise of 10 feet would send 
into the Little Cascapedia the water of Sainte Anne Lake, which at one 
place is over 120 feet deep. Near its outlet the Sainte Anne flows over 
a rock ridge at only a slight elevation below the surface of the lake; so 
that the valley occupied by the lake could not have been cut by a stream 
flowing northward, but must have been cut by one draining to the Little 
Cascapedia. The evidence of a change in the drainage is thus conclusive. 

Figure 6 shows diagrammatically the drainage of the upper Sainte 
Anne waters, but a better idea of it can be obtained from Publication No. 
2060 of the Geological Survey of Canada, a contoured map of the region. 
The main steps of the diversion are outlined in figure 7, which shows 
profiles of the Upper Sainte Anne and the two main tributaries that 
were diverted to it from the upper part of the Little Cascapedia—Poplar 
Creek and Little Lake River. The vertical scale has been enlarged 25 
times. The ordinates show the elevation of the valley bottoms and the 
abscissas show horizontal distances. 

The profile of Little Lake River is a smoothly curving line, except at 
its lower point, where, just before it joins the Sainte Anne, it plunges 
down through a limestone canyon. If we take as fixed points the bottom 
of Lake Sainte Anne and the place where the valley occupied by the lake 
joins that of the Little Cascapedia, we get the profile of what was the 
Little Lake River when it was a tributary of that stream, which shows 
that at the time of its diversion the mouth of Little Lake River was 
approximately 150 feet above its present level. The canyon near its 
mouth has obviously been cut since that time. 

With this point established, it is possible to determine the profile of 
Poplar Creek before it was diverted. This profile is shown by the barred 
line in figure 7. Since Poplar Creek was thus diverted, its mouth has 
apparently been lowered 430 feet—a fact that helps us to fix the date of 
the diversion. Except for a short canyon, about 20 feet deep, the valley 
of the Sainte Anne in this area is not a narrow gorge. It has been 
widened as well as deepened, and it certainly could not have been pro- 
duced in postglacial time. We may therefore conclude that the diver- 
sion occurred in late Pliocene time, during the period of valley cutting. 

The main steps by which the present drainage lines of Sainte Anne 
River became established can now be traced. The Sainte Anne probably 
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once rose on the old divide above what is now Hogback Mountain (figure 
6). The divide was then composed of limestone, for the underlying 
granite had not yet been uncovered. In time lines of subsequent drain- 
age were developed along the strike of the sedimentary beds and Isabelle 
River became the largest headwater tributary of the Sainte Anne. The 
valleys were widened, the divides were lowered, and eventually an cld- 
age topography was produced. Uplift started a new cycle of erosion, 
and once more the streams began to entrench themselves. As erosion pro- 
gressed, the limestone country on the divide was lowered, until it stood 
lower than the more resistant serpentine mass of Mount Albert and its 
surrounding zone of hard volcanic rocks. The actual divide between 
the northward and southward flowing streams was now no longer the 
highest part of the region. 

During this period a stream flowing southward along the line of the 
present Sainte Anne Valley ate its way backward by headward erosion 
through the limestone country and finally captured Poplar Creek. With 
this addition to their waters, the valley of the Sainte Anne between the 
mouth of Poplar Creek and that of the Isabelle, and hence also the valley 
of the lower part of Poplar Creek, were lowered. After Poplar Creek was 
diverted, the divide between the waters of the Sainte Anne and those of 
the Little Cascapedia became shifted to a point in the old Poplar Creek 
Valley somewhere about Midway, between the present mouth of Poplar 
Creek and that of Little Lake River. 

The next steps, whereby Little Lake River and the streams flowing 
into the present Lake Sainte Anne became diverted to a nortnward flow, 
are more difficult to account for with certainty. One of two things took 
place. Headward erosion may have progressed until Little Lake River 
was captured, or a glacial dam in the valley of the Little Cascapedia 
near the south end of the present Lake Sainte Anne might have turned 
the waters of Little Lake River, Bois River, and other streams northward. 
As shown by figure 7, the valley bottom between the present mouths of 
Poplar Creek and Little Lake River, after the diversion of the creek 
would have to be lowered about 150 feet before Little Lake River would 
be diverted. This part of the present Sainte Anne Valley is not a can- 
yon, so the inference is that the diversion was preglacial. 

Glacial damming, however, took part in the changes in drainage, par- 
ticularly in producing Lake Sainte Anne itself. Local glaciers evidently 
existed on the flanks of the higher mountains in Pleistocene time, as 
shown today by well-developed cirques. Several of these are on the flank 
of Mount Lyall, facing Lake Sainte Anne. Streams for these glaciers 
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built out fans into the valley. The two narrows that divide the lake into 
three parts were produced by deltas built out by inflowing streams. The 
stream that enters the south end of Lake Sainte Anne was undoubtedly 























Figure 8.—Northeast Branch of the Sainte Anne River 
much larger in Pleistocene time, when it was fed by local glaciers south 
of Mount Lyall. Another small cirque faces the valley south of Lake 
Sainte Anne. The debris that blocks the valley south of the lake was 
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evidently worked down, damming the valley, producing the present lake, 
and turning the water into the Sainte Anne Valley. 


OTHER GASPE STREAMS 


A contoured topographic map of the divide between the Marsouin and 
the northeast branch of the Sainte Anne would probably show that the 
water flowing from the northwest side of Tabletop once drained through 
the valley occupied by the river Quatre-Lacs into the Marsouin. Piracy 
by the northeast branch of the Sainte Anne has robbed the Marsouin of 
much of its upper drainage basin (figure 8). 

The sharp bends and the southward and eastward swings of the Made- 
leine suggest that eastward- and westward-flowing subsequent streams 
have tapped northward-flowing consequent streams and determined the 
peculiarities of the course of that river. The same is true of the York 
River, which makes a number of right-angled bends after leaving Lac 
des Monts. 

The Matapedia suggests piracy of the type opposite to that shown 
by the Matane and the Sainte Anne. It rises in Lake Matapedia, the 
larger part of which lies north of the Shickshocks, and drains to Chaleur 
Bay. Here the pirate has been a south-flowing, not a north-flowing, 
stream, the valley occupied by the lake having undoubtedly been origi- 
nally carved by a stream flowing northward to the Saint Lawrence. The 
details of the changes, however, are not fully known. In the region west 
of the Matapedia the interfingering of the headwaters of the Metis, 
which flows north to the Saint Lawrence, and the Patapedia, which 
flows south to the Restigouche, and the presence of lakes in the divide 
region offer similar problems. Enough is known to show that many in- 
teresting changes have taken place in the drainage of Gaspe, and after 
the necessary topographic and geologic information becomes available the 
manner in which all the present drainage lines have been developed can 
be worked out with fair confidence. 











le- 
ms 
the 
rk 





BULLETIN OF THE GEOLOGICAL SOCIETY OF AMERICA 
VOL. 39. PP. 421-428 JUNE 30. 1928 





SIGNIFICANCE OF CRYSTALLINE BOULDERS IN PENNSYL- 
VANIAN LIMESTONE IN ILLINOIS? 


BY T. E. SAVAGE AND JUDSON R. GRIFFIN 


(Presented by title before the Society December 31, 1927) 





CONTENTS 

; lage 
ee EEC CT PL EE ee ONE EN see ee 421 
Igneous rocks previously reported from Pennsylvanian strata................ 422 
Abundance and character of igneous pebbles and boulders................... 423 
Re ere ne er err 425 
Probable source of the crystalline pebbles....................00.0e eee eee 425 
Probable way in which the pebbles were transported. ..................-+-: 425 
ee I I oii sins ak et ead ch cesantpadk on seen 426 
Absence of evidence in northern Wisconsin.................-.-.0+eeeeeeees 427 
NN PEE a eC en EE en ere PRE Fey 427 

INTRODUCTION 


In the summer of 1927 the writers found numerous pebbles and 
boulders of crystalline rock in firm fossiliferous limestone, of upper 
Pennsylvanian age, in La Salle County, Illinois. This limestone is in 
the upper part of the McLeansboro formation, here about 55 to 60 feet 
above the La Salle limestone and doubtless of the same age as part of the 
Conemaugh division, in the Appalachian region. Most of the pebbles 
were obtained from strata exposed along a ravine on the south side of 
Illinois River, in the northwest 14, section 27, of La Salle township 
(township 33 north, range 1 east), about 2 miles southwest of La Salle. 
Others were found in limestone somewhat lower in the section, exposed 
about 5 miles farther northwest, near the town of Spring Valley. The 
pebbles were scattered through the limestone and no pebbles or fragments 
of sedimentary rock were found in the beds containing the crystalline 
pebbies. 

The pebbles found near La Salle were smaller but more numerous than 
those found near Spring Valley, and they occurred in the upper layers, 








‘Manuscript received by the Secretary of the Society January 17, 1928. 
(421) 
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10 or 12 feet below the top of the bed. Those found near Spring Valley 
lay 5 to 10 feet below the top of the exposure. All the pebbles were 
imbedded in the limestone in such a way as to show that they had been 
deposited as the sediments were accumulating on the sea-bottom (see 


figure 1). 


Igneous Rocks PrREviousty REPORTED FROM PENNSYLVANIAN 
STRATA 


Boulders of quartzite or of igneous rock have been found in Pennsyl- 
vanian beds at a number of places in the United States, but they were 
imbedded either in coal or in shale. As far as the writers know, the 
igneous boulders here considered are the only ones found in Pennsylva- 
nian limestone in this country. 

In 1870 E. B. Andrews ? reported the discovery of a boulder of quartz- 
ite, measuring 12 by 17 inches, imbedded partly in the coal and partly 
in the shale overlying the Nelsonville coal bed at Zaliska, Ohio. The 
quartzite boulder was firmly cemented and well rounded before it was 
deposited. Andrews suggested that this boulder was brought to the place 
where it was found by shore or river ice. 

J. D. Dana® reported that F. H. Bradley found a quartzite boulder 
measuring 4 by 6 inches in the middle of a coal bed mined at Coal Creek, 
in east Tennessee. Dana concluded that this boulder and the one re- 
ported by E. B. Andrews may have been rafted down by floating trees, as 
masses of basalt are occasionally laid down on the coral atolls of the 
Pacific. 

J. A. Taff and J. B. Woodworth* reported boulders of limestone, quartz, 
and granite ranging from a few feet to 50 feet in length in the Caney 
shale of Oklahoma. The limestone boulders contained Ordovician fossils. 
As the Ordovician strata nearest to the place where the boulders were 
found is in the Arbuckle Mountains, it was thought that these boulders 
were carried by shore ice from that source. 

W. H. Twenhofel® reported granite boulders in Pennsylvanian shale 
in Wilson and Woodson counties, Kansas. As these boulders were lying 
on the shale or were only half buried in it, he was not certain as to their 


?E. B. Andrews: Report of Work in the Second Geol. Dist. during 1870. Geol. 
Survey of Ohio, Report of Progress, 1870, p. 78. 

8J. D. Dana: Manual of Geology, 4th ed., 1895, p. 664. 

*J. A. Taff: Ice-borne boulder deposits in mid-carboniferous marine shales. Science, 
vol. 29, April 16, 1909, p. 637. 

J. B. Woodworth: Boulder beds of the Caney shales at Talihina, Oklahoma. Bull. 
Geol. Soc. Am., vol. 23, 1913, p. 457. 

5 W. H. Twenhofel: Granite boulders in the Pennsylvanian strata of Kansas. Am. 
Jour. Sci., ser. 4, vol. 43, pn. 363-380. 
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age, but thought that they were transported by either glaciers or floating 
pal in Pennsylvanian time and deposited in mud laid down in quiet 
water. 

G. H. Cady*® found a few small pebbles of quartz and greenstone in 
limestone near La Salle, Illinois, but, he apparently attached no signifi- 
cance to them. 


ABUNDANCE AND CHARACTER OF IGNEOUS PEBBLES AND BOULDERS 


About 75 pebbles and small boulders of igneous rock were collected by 
us from the limestone at the two localities in La Salle County, Illinois. 
About half of them are of vein quartz, not chert, and the others are of 








Figure 1.—Limestone near Spring Valley 


The limestone contains igneous pebbles. The arrows indicate where some of the 
larger pebbles were found. 


greenstone, granite, schist, and quartzite. The largest boulder is quartz- 
ite and measures + inches in diameter, but a part of it remains in the 
limestone, and doubtless it exceeded 6 inches in diameter. Several other 
boulders measured 3 to + inches in longest diameter. The pebbles of 
intermediate size are mostly of greenstone, granite, and schist, and many 
smaller ones are of glassy quartz. Some of the pebbles have one or more 
smoothed or flattened sides, suggesting planing by ice, but they do not 
show clearly the striations seen on glaciated surfaces of rock. 





*G. H. Cady: Geology and mineral resources of the Hennepin and La Salle 
quadrangles. Bull. No. 37, Ill. Geol. Survey, 1919, p. 69. 
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Figure 2.—Pebbles of igneous Rock 


From limestone of upper Pennsylvanian age in northern Illinois, natural size, 
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CHARACTER OF LIMESTONE MATRIX 


The material in which these pebbles were imbedded is a rather pure 
crystalline shell limestone containing many fossils, among which the fol- 
lowing species were common : 


Fossils from Limestone containing igneous Pebbles 


Aviculopecten coranus Pleurophorus sp. 
Cliothyridina orbicularis Pustula nebraskensis 
Deltopecten occidentalis Pustula punctatus 
Composita argentea Productus cora 
Derbya crassa Spirifer cameratus 


Dielasma bovidens 
PROBABLE SOURCE OF THE CRYSTALLINE PEBBLES 


The nearest outcrops of crystalline rock that might have furnished the 
pebbles are in northern Wisconsin, a distance of more than 200 miles. 
The pebbles may have been brought by an ancestor of the Wisconsin 
River, which, instead of swinging southwestward at Portage, as the pres- 
ent Wisconsin does, probably flowed southward, along the strike of the 
beds into northern Illinois. In Pennsylvanian time this river may 
have emptied into the north end of the interior sea. Another _possible 
carrier may have been a southward-flowing river, which, as Martin’ 
thinks, occupied the preglacial basin of Lake Michigan, and may have 
joined the sea in northern Illinois during late Pennsylvanian time. 


PROBABLE WAY IN WHICH THE PEBBLES WERE TRANSPORTED 


Although these pebbles may have been carried from their sources by 
streams, they could not have been deposited in the limestone either by 
streams or by marine currents. Rivers that empty into the sea drop the 
coarser part of their load at or near the shore. Stream currents that 
could carry pebbles would doubtless transport and deposit much smaller 
material at the same time. The waves and shore currents that reworked 
these river-borne sediments would also have carried considerable finer 
material, and, therefore, the accumulating sediment could not have been 
relatively pure limestone if the pebbles had been deposited directly from 
water currents. 

To explain how such pebbles might have been carried out from the 
shore and dropped in clear water, among the shells and ooze that were 
accumulating on the sea-bottom, it seems necessary to assume that they 





* Lawrence Martin: Physiography of Wisconsin, Geol. and Nat. Hist. Surv. of Wis. 
sull. No. 36, pp. 224 and 225, 1916. 
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were transported by floating bodies of some kind, and if they were car- 
ried down a river from their sources they were doubtless so carried by the 
same agency. 


PossIBLE AGENTS OF TRANSPORTATION 


These pebbles might have been rafted down a river and cut into the 
basin either by floating trees or by masses of floating ice. If there were 
only a few pebbles or boulders, it might be reasonably assumed that they 
were carried by floating trees, but as a large number of pebbles occur 
in the small areas of limestone exposed, and doubtless they are equally 
abundant in all the strata between the outcrops which are 5 miles apart, 
and probably also between these outcrops and the shore of the Pennsyl- 
vanian sea, which was doubtless several miles to the north, the number 
of pebbles is far greater than those found in any known deposit laid 
down by floating trees. Possibly the large number of igneous pebbles 
might be accounted for by assuming that they were deposited in a 
sheltered cove or an area of quiet water into which eddies and currents 
swept the drifting trees that floated down the river. Under those condi- 
tions, however, some of the trees would probably have become water- 
logged and have sunk to the bottom, leaving some remains of their 
woody matter in the sediments; but no trace of plant remains was 
found in the limestone that contained the pebbles. 

Moreover, the theory of transportation by floating trees does not ex- 
plain the absence of pebbles and fragments of sedimentary rock in the 
limestone. The rivers that transported the igneous pebbles doubtless 
flowed over sedimentary rock thréughout much of their length, and the 
greater part of the basins drained by the rivers contain sedimentary 
rocks, yet not a single pebble of sedimentary rock was found. 

A further objection to the theory of tree transportation is found in 
the occurrence of so large a number of igneous pebbles in the limestone at 
these horizons and the absence of such pebbles, or of any pebbles, in the 
earlier Pennsylvanian limestones in this region. The conditions that 
brought about the transportation and deposition of these pebbles were 
apparently unique and could not have been so continuous. as those that 
would permit their transportation and deposition by floating trees. 

If the pebbles were carried and deposited by floating ice, either river 
ice or ice detached from glaciers that existed on the higher lands toward 
the headwaters of the rivers, their unique occurrence throughout a thick- 
ness of a relatively few feet of limestone could be easily explained as 
the result of a mild climate and the general absence of ice from this 
region in early Pennsylvanian time. The presence of none but igneous 
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pebbles in the limestone could be explained by assuming that only on 
the higher lands, near the headwaters of the rivers that brought down 
the pebbles, was the temperature so low as to permit the accumulation of 
masses of ice or the freezing of ice in the rivers to such thickness that 
when the ice broke up some of the masses would float down the river and 
out a considerable distance into the sea before they were completely 
melted. This explanation of the presence of the igneous pebbles in the 
limestone appears the more probable. 


ABSENCE OF EVIDENCE IN NORTHERN WISCONSIN 


Unfortunately, the Wisconsin area and that farther north, where this 
ice is thought to have been formed, afford no evidence either for or 
against a cool climate in late Pennsylvanian time, for during the long 
period of erosion that followed the Pennsylvanian epoch the larger part of 
the geologic record was destroyed, and the Pleistocene glaciers that 
moved over the region eroded it deeply and mixed the old glacial material 
with that formed by the later glaciation ; consequently nothing is left in 
that region of the late Pennsylvanian rock surfaces, or of the old deposits 
that may have covered them, or of the alluvial deposits that were laid 
down along the streams of that time, to show the conditions during the 
later part of the Pennsylvanian period. 

However, the absence of evidence in Wisconsin does not invalidate the 
evidence found in Illinois, which is probably sufficient to justify the be- 
lief that in late Pennsylvanian time,the winters in this region were so 
cold that thick ice was formed on high points in the northern part of the 
Mississippi basin. The age of the limestones containing the crystalline 
pebbles found in Illinois is about the same as that of the shale containing 
the granite boulders found in Kansas, which Twenhofel* thought had 
been transported by floating ice: In Illinois the upper pebble-bearing 
limestone lies about 60 feet above the La Salle limestone, which is prob- 
ably of the same age as the Kansas City limestone of Missouri and Kansas. 
Twenhofel correlated the shale in Kansas with some part of the Douglas 
formation, which at some places in Missouri lies less than 100 feet above 
the Kansas City formation. 


CONCLUSION 


The numerous pebbles of crystalline rock found in limestones of upper 
Pennsylvanian age in northern Illinois are thought to have been derived 
from crystalline rock in northern Wisconsin or farther northeast, having 


SIbid, p. 380. 
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been brought down a southward-flowing river in masses of floating ice 
and carried out into the Pennsylvanian basin. 

If this interpretation is correct, it adds another link to the chain of 
evidence showing that during a part of late Pennsylvanian time there 
was a cool temperate climate, with cold winters, in central North 


America. 
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INTRODUCTION 


The Santa Rita Mountains, in southern Arizona, begin about 10 miles 
north of Nogales and extend northward about 40 miles, curving slightly 
to the east and terminating in Empire Mountain. Davidson Canyon 
partly separates Empire Mountain from the main range. The highest 
peak, Old Baldy, has an elevation of 9,432 feet, or about a mile above the 
surrounding country, and therefore is a conspicuous feature., 


GENERAL GEOLOGY 


The Santa Rita Mountains consist of thick masses of plutonic and 
volcanic rocks, which during late Mesozoic and early Tertiary time pene- 
trated the strata. These igneous rocks constitute the highland, and the 
slopes and bordering plains are mantled by detritus, largely derived from 
the igneous core of the range. ; 

The pressure of the intrusive masses arched up large areas of the Cre- 
taceous rocks, especially in the northern part of the range, and at some 
places the Paleozoic rocks were brought to the surface by faulting. On 
the line between Pima and Santa Cruz counties, 24 miles south-south- 
west of the old mining camp of Greaterville, a block of Devonian rock? is 


' Manuscript received by the Secretary of the Society, April 4, 1928. 
*Frank CC. Schrader and James M. Hill: U. 8S. Geol. Survey Bull. 582, 1915, pp. 
47-49 and 152-153. Also W. P. Blake: Am. Geol., vol. 27, 1901, pp. 160-167. 
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revealed forming the crest of a branching ridge sloping to the east. The 
faulting is more complex than that represented on the published maps 
and which show only part of the outcrop of Devonian rocks. These rocks 
pass under the Escabrosa (Mississippian) limestone to the northwest and 
on the southeast are separated from it by a fault. 


THE DEVONIAN 


The Devonian of the Santa Rita Mountains comprises the Martin 
limestone,® 250 feet thick, in every way similar to the Martin limestone 
at Bisbee, and a lower member, about 1,500 feet thick, composed of fairly 
massive dark bluish to black limestone and calcareous shale. For this 
lower member the name Santa Rita limestone is proposed, for it has not 
been recognized elsewhere in Arizona, although it probably crops out 
among the Paleozoic rocks south of Tombstone and is penetrated in the 
Copper Queen mine. In the Inyo Mountains, in California, and in the 
Klamath Mountains similar beds are included in the Devonian system. 

This Santa Rita limestone is cut by numerous thin veins of white cal- 
cite and is metamorphosed, with consequent destruction of fossils. Fault- 
ing and folding are common, and just south of Reese’s camp the whole 
mass dips north 30 degrees west, at angles ranging from 20 degrees to 60 
degrees, toward granite porphyry, from which it is separated by a fault. 
Near the Reese mine the Devonian is overlain unconformably by the 
Glance (?) conglomerate (Cretaceous), but the Escabrosa limestone, 
and possibly part of the Naco limestone, is found farther west. 


SECTION AT THE REESE MINE 


In January, 1926, E. H. Wisser, mining geologist, measured the strata 
south of Reese mine and discovered fossils in the lower beds. On his 
suggestion the region was examined and fossils were carefully sought in 
the lower beds. The following sections approximately verifies the one 
measured by Mr. Wisser, with a few additional details. It starts 3,000 
feet south of the Reese mine and was measured across the dip. 


*F. L. Ransome: U. 8. Geol. Survey Prof. Paper 21, 1904, pp. 33-42. 
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Section south of Reese Mine, Arizona 


Thickness 


Cretaceous system. tx Seat 


Glance (?) conglomerate. 


21. Conglomerate, weathered, composed of angular fragments of limestone 


and igneous boulders; faulted up against granite porphyry at the 
WI | ck via neon a tice os Sink eS Ree REE See eee ENN the see Dele ee es 165 
Devonian system. 
Martin limestone. 
Limestone, gray to black, highly fossiliferous, partly covered by soil.. 150 
The following species were identified : 
Acervularia bassleri W. and F. 
Aulopora paucitabulata F. and F. 
Cladopora floydensis F. and F. 
Cladopora magna H. and W. 
Cladopora sp. 
Pachyphyllum bassleri depressa W. and F. 
Pachyphyllum crassicostatum. Webster. 
Pachyphyllum woodmani (White). 
Syringopora cf. rockfordensis F. and F. 
Tabulophyllum ehlersi F. and F. 
Atrypa planosulcata? Webster. 
Atrypa reticularis Linnezus. 
Gypidula cornuta F. and F. 
Spirifer hungerfordi Hall. 
Spirifer whitneyi Hall. 


. Limestone, light gray, fine grained to crystalline.................... 150 
. Limestone, gray, fine grained, shaly in places.............eeeeeeeeeee 40 


Santa Rita limestone. 


17. Limestone, black, fine grained or crystalline, in beds 1 to 3 feet thick 300 
16. Limestone, black, fine grained, in beds 2 feet thick.................. 30 
. Re, OE Bp. sie nn cb eS bcos eC cae ekbeses ons baaweceeXes 65 
14. Limestone, dark gray, fine grained, grading downward into shaly 
is Tes FB Ow Be Gi a be 60 Sao hice cksees ee esew ns 50 
O. Rei, I, Ge Ny 6 60k okie ss Ses Wines ree vewesmiess 35 
SS Tiara, GR I: I aa 6 don 60 iin eSpte a erctcceriedsdns 125 
WE, FT I kn ic ene én eres we sasashatedscesanen tebene 100 
10. Limestone, black, granular, containing a few crinoid stems and frag- 
ments. A similar bed occurs well below the typical Martin lime- 
stone, in the Copper Queen Mine, at Bisbee.........-.....-.-+-00-- 50 
Si , Be To ied Hate kh acccnkdscdks a Kdenensoncnimnes 75 
RR, GI I, Ga hs oc ccc cccsesiectecanres stadeessases ves 30 
7. Limestone, gray to black, with veins of white calcite; weathers rough 60 


Fossils fairly abundant, including the following: 
Cyathophyllum sp. 
Athyris concentrica? Buch. 
Atrypa reticularis Linnzus. 
Chonetes sp. 
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Dielasma sacculus (Martin). 4 
Martinia pentameriformis (Tchernyschew ). 
Merista plebia (Sowerby). 
Pentamerella parvulus (Tchernyschew). 
Productella sp. 
Vucula n. sp. 
Bellerophon sp. 1. 
Bellerophon sp. 2. 
Euomphalus circularis? Phillips. 
Euomphalus cf. planorbis d’Archiac. 
Euomphalus n. sp. 
Holopea enjatrani? Clarke. 
Holopea cf. wakehami Clarke. 
Loronema scaleriaeforme? Holzapfel. 
Macrochilina sp. 
Murchisonia margarita? Whidborne. 
Murchisonia turbinata Schlotheim. 
Pleurotomaria trochoides Whidborne. 
Pleurotomaria sp. 1. 
Pleurotomaria sp. 2. 
Pleurotomaria sp. 3. 
Scoliastoma gracile? Sandberger. 
Nephriticeras sp. 
Orthoceras sp. 
Temnocheilus sp. 
Trochoceras cf. pulcherrimum Whidborne. 

5. Limestone, black, granular, with thin lenses of black chert; beds 1 to 

3 feet thick 
5. Covered slope 
Cambrian system. 
Abrigo limestone. 

. Limestone, pink, crystalline, thin bedded 

3. Limestone, pink, crystalline, massive 

2. Conglomerate, consisting of quartz pebbles and boulders in a matrix 

of pink limestone 10 
1. Limestone, impure, red, shaly, having a splintery fracture............ +10 


The section begins in the bottom of Sawmill Canyon. It crosses a 
small branching ridge of Devonian rocks in a direction about north 30 
degrees west, with four offsets along the strike in 3,000 feet; otherwise 
it is continuous and nearly all the beds are well exposed. Part of the 
apparent great thickness of the Santa Rita limestone, or of the beds be- 
tween the typical Martin limestone and those properly referred to the 
Abrigo limestone, may be due to strike faults. No such faults are ex- 
posed, but there are several talus-covered slopes along the line of the 
section. However, neither the fossiliferous horizon of the Santa Rita 
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limestone nor any part ef the typical Martin limestone is repeated within 
the section. The Escabrosa limestone crops out at many places both 
east and west of this Devonian block. This limestone is fairly massive, 
gray, in places crionidal, and carries the usual western Mississippian 
fossils. In fact, the Escabrosa is so different from the Santa Rita lime- 
stone, even in its physical characters, that there is small chance for con- 
fusing the two. It therefore seems apparent that none of the Escabrosa 
limestone has been dropped to this lower position by faulting, and that 
the Santa Rita limestone is a real unit of considerable thickness, even 
if the block may be affected by minor strike faults. 


FauNAL RELATIONS 


The fossils in bed 20 are the typical southwestern Upper Devonian of 
the Martin limestone. This fauna and that of bed 7, like those of all 
the known Devonian beds of western and southwestern North America, 
are closely related to the Devonian faunas of Europe and Asia, where the 
forms of life were more advanced than in eastern North America at the 
same time. This greater advancement is shown particularly among the 
brachiopods, the gastropods, and the cephalopods, in which we find a 
decided forecast of the development that culminated in the Mississippian 
and Pennsylvanian faunas; but in the typical Middle and Lower Devo- 
nian of New York these changes are but slightly suggested. Many of the 
fossils of the Santa Rita limestones are too poorly preserved for positive 
identification, but the genera and species to which they are compared 
give a good general idea of the fauna. Phobably some of the species 
are new. 

Xt many places in the Western States the fossiliferous Devonian beds 
are underlain by unfossiliferous calcareous beds somewhat resembling the 
Santa Rita limestone and which may be of the same age. The fossils ob- 
tained south of Greaterville indicate that there is preserved in southern 
Arizona a remnant of the fauna of a sea that evidently was widespread 
over western North America at least as early as Middle Devonian time, 
and hence much older than that in which the Martin limestone was 
deposited. 

















BULLETIN OF THE GEOLOGICAL SOCIETY OF AMERICA 
VOL 39, PP. 435-446 JUNE 30, 1928 





TERTIARY STRATIGRAPHY OF WEST TENNNE SSEE . 
BY JOSEPH K. ROBERTS 


(Read before the Society December 30, 1927) 





CONTENTS 

Tage 
I ie gL DER Oe hg Ea Pe eA a SE its ieee 
I hic aca et Seige Seis Deva eeN Pe ins evoke we cama pase seems 436 
EERE EET RE ee Py ee eer ee ee pwieis'alcrge: oa 
ET ee PERE Te ee SUS EEE TTT Cer ee .... 436 
ce RE ee NL SAP eee ee hee 5 is believe gare 
PURE UE. Shoes Eo Da ean ce emis cussaens sm Sire ke 
po ee rae web bbacseadeuaeeswsgeseeteetsenes 438 
Bie Gas HOU. «0. 5.5 5 i ei ie ce cto easines in aire 438 
I es coca c% case dpm gly kare ea olkle beets ; scecyte at 
NE I oon ao Pun ty eng Wisi satis eae she ec ae 
Pirate MeO GEER oo cn woos cn perce a tesescers 442 

Correlation of the Eocene of west Tennessee with that of Mississippi ‘ond 
I ico 3 nals ale oh end ae So aE ae Pe Ria ce A TRL Oe aa 444 
Sediments of the embayment region of Tennessee............. ‘douse te acareek 
IL. ©). Si gnte cs puree Rica entee can doe aticaeteae nia wh otha aren eae eee, 

INTRODUCTION 


The Tertiary and younger formations of west Tennessee were studied 
by R. L. Collins and the writer in the summers of 1924 and 1925, and in 
1925 Mr. Collins mapped the deposits and collected plants from the 
Wilcox group. We were accompanied by E. W. Berry, who gave advice 
on formation boundaries and collecting fossil plants. The Tennessee 
Geological Survey had mapped the Tertiary of this part of the Mississippi 
embayment as Porters Creek and Lagrange and had assigned certain beds 
of sand, gravel, and loess to the Pleistocene. The stratigraphy as here 
described is in accord with the correlations established by Berry and 
Cooke in Mississippi and Alabama. 

The Tertiary outcrop belt extends from Mississippi across Tennessee 
into Kentucky, including nearly all the region between the Tennessee 





1 Manuscript received by the Secretary of the Society, December 29, 1927. 


XXIX—Bu.LuL. Grou. Soc. AM., Von. 39, 1927 (435) 








436 3. K. ROBERTS—TERTIARY STRATIGRAPHY OF WEST TENNESSEE 


and the Mississippi rivers. It is about 115 miles long, about 70 miles 
wide on the Mississippi line, and about 60 miles wide on the Kentucky 
line. In the western third of the belt the strata are concealed by sur- 
ficial deposits of sand and gravel. The Tertiary deposits comprise lower 
and upper Eocene, middle Eocene (Claiborne) being absent. Part of 
the surficial sand and gravel are Tertiary. The classifications in Ten- 
nessee are as follows: 
Pe ND aon v.05 be hn eesnoeesdssne Lafayette formation. 
———Unconformity———— 


Upper Eocene.........+. Sik actin Ni Wo ah Dice Ge Jackson formation. 
———Unconformity———_ 


. oe rr { Grenada formation. 
Lower Eocene 4————Unconformit y———— ) Holly Springs formation. 

| Midway BI onc ksaerees | Porters Creek clay. 

———Unconformity———__ ) Clayton formation. 


STRATIGRAPHY 
GENERAL CHARACTERISTICS 

The Tertiary formations consist of impure limestone, clay, sand, lig- 
nite, greensand, gravel, clay conglomerate, and numerous thin layers of 
ferruginous clay, sand, and gravel. The structure is monoclinal, with a 
low dip, which ranges from west to southwest. No folding or faulting 
was observed. There are several local unconformities, the most extensive 
of which are at the lower limits of the Clayton, the Wilcox, and the 
Jackson functions. The Midway is overlapped by the Holly Springs 
formation, which is in turn overlapped by the Grenada formation. 


MIDWAY GROUP 


Clayton formation.—The Clayton formation includes thin lenses of 
impure and highly weathered limestone and greensand, with limestone 
at the base. It is a northward extension of the Clayton formation of 
Mississippi and it is exposed intermittently for nearly 35 miles north of 
the State line. According to Cooke’, the Clayton is thickest in eastern 
Alabama and thins toward the west. In Tennessee it is probably not 
over 60 feet thick. The limestone is best exposed near Trim’s Mill, in 
southeastern Hardeman County, about 4 miles southeast of Middleton 
and about the same distance north of the Mississippi line. At this 
place Stephenson measured a section of 7 feet of limestone containing 
characteristic Midway fossils, overlain by 30 feeet of glauconitic sand 


2? Wythe Cooke: Correlation of the Eocene Formations in Mississippi and Alabama. 
U. S. Geol. Survey Prof. Paper 140 E, 1925, p. 154. 
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and clay showing imperfect impressions of leaves. A very siliceous and 
weathered phase of the formation occurs just east of Middleton, where it 
lies unconformably on upper Cretaceous beds. The impure limestone is 
moderately hard and it contains casts of Turritella and other marine 
gastropods, some pelecypods, and considerable greensand. A representa- 
tive sample of the greensand was found to contain about 70 per cent of 
calcium carbonate and 41% per cent of glauconite. The siliceous beds 
near Middleton contain as much as 84 per cent of silica and 0.88 per 
cent of potash, which may have replaced calcareous matter. 

The particles of greensand are rather uniform in size, being mostly 
.8 millimeter or more in diameter. They weathered to a rich reddish 
brown color. Associated with the greensand are small quantities of 
muscovite and biotite. The beds are dark to medium green when fresh, 
but become light brown on weathering. The greensand north of the 
exposures at Middleton is not indurated. 

Porters Creek clay—The outcrop of Porters Creek clay, the upper 
member of the Midway group, extends across the State in a belt having 
a maximum width of about 8 miles. North of the termination of the 
Clayton formation the Porters Creek clay lies unconformably on the Upper 
Cretaceous deposits. This clay is very uniform in its color and texture 
and in its peculiar fracture. It is a fine, smooth clay, of light dove color 
when dry and plastic and of dark dove color when wet. Because of its 
greasy feel it is locally known as “soapstone.” It is not much indurated 
and it includes no hard ferruginous layers. It contains some muscovite, 
much of which is altered to chlorite. At a few places it yields foramini- 
fers, casts of gastropods and pelecypods, crab claws, and fish scales. Its 
characteristic color, smoothness, hackly fracture, and stratigraphic posi- 
tion make it easy recognizable. In Madison County, near the middle of 
the belt, it is 85 feet thick, and its thickness in some wells is said to reach 
125 feet. 

In the southern half of the belt the clay is cut by numerous sandstone 
dikes, some of which are hard, though many of them consist of loose 
sand. Only the larger ones are indurated and the cementing material in 
these is iron oxide. The grains of sand are uniform in size, ranging from 
100 to 200 mesh. Associated with the quartz in these dikes are mus- 
covite, limonite, some greensand, angular fragments of Porters Creek 
clay, and a few foraminifers and gastropods. The dikes range in thick- 
ness from a fraction of an inch to 22 feet and intersect one another at 
almost any angle, apparently without systematic orientation. They can 
be traced for no great distance—50 feet at the most—and appear to 
ent no beds younger than the Porters Creek clay. 
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WILCOX GROUP 


Holly Springs formation—The Holly Springs and Grenada forma- 
tions make up the Wilcox group in Tennessee, where as the basal mem- 
ber of that group, the Akerman, is absent. The Holly Springs formation 
lies unconformably on the Porters Creek clay. The outcrop of the Holly 
Springs formation is about 20 miles wide along the southern boundary 
of the State and about 8 miles wide on the Kentucky border. The for- 
mation consists of intercalated lenses of sand and clay, a clay conglomer- 
ate, and a few thin layers of ferruginous sand and clay. It cavries a dis- 
tinct flora, and this fact and certain of its lithologic features distinguish 
it from the Grenada, which formerly was included with it in the La- 
grange formation. 

The clay conglomerate, which is exposed along the eastern border of 
the belt, lies at or near the base of the Holly Springs formation. It 
consists of rounded clay pellets, the largest about 10 inches im diameter, 
which are in a light-colored sandy clay matrix without apparent sorting 
or systematic orientation. The pellets are light to medium gray and not 
lignitic. This member is not continuous, but occurs at intervals, sug- 
gesting gully fillings, and it seems to be confined to the southern half of 
the belt. 

The sands of which the Holly Springs formation principally consist 
vary greatly in size, but are mostly round, and while some are polished, 
others are corroded. Associated with the quartz grains are small quanti- 
ties of chert, muscovite, biotite, rutile, tourmaline, and iron oxide. The 
variations in the latter cause the wide range in the color of the beds, 
In the sand pits at Saulsbury, in Hardeman County, there are 22 vari- 
ously colored layers, each not more than 3 inches thick, ranging in color 
from gray through green, purple, and red to dark brown. The matrix of 
the sand contains much clay, but consists mainly of finely divided silica. 
In addition to the minerals named, there are clay pellets and some con- 
cretions of pyrite. At Pine Top, Hardeman County, the sand is fairly 
well indurated, more so than at any other place, but it cisintegrates 
rapidly when it is removed. At this place it contains a fairly well ppe- 
served flora. The best sections of the Holly Springs formation in Ten- 
nessee are at Lagrange, Saulsbury, and Pine Top, in Hardeman County. 

The formation contains less clay than sand. The clay is of three types: 
(1) a white plastic clay containing little or no sand and grit and rarely 
fossiliferous; (2) a dark to black lignitic clay, the lighter-colored, 
laminated parts of which carry an abundant flora; and (3) a sandy 
white clay, which is fossiliferous at but few places. The laminated clay 
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generally contains fossil plants, but the massive clay has yielded none. In 
many of the exposures the contact between the light-colored clay and the 
lignitic clay is sharp. The fossil plants of the clay, and to a less extent 
those of the sand, are varied both in number and in variety. Many forms 
have been described by Berry.* The collections originally made at Pur- 
year, Henry County, show the greatest number and variety, including 88 
genera and 181 species. Additional collections made at Puryear and at 
other places have increased this number. The plants occur as imprints 
and as carbonized remains of leaves and stems and include « few fruits 
and flowers. Some of the imprints of leaves are the same color as the 
clay in which they are embedded, but others are rich reddish brown or 
dark gray to black, and thus stand out in contrast to the lighter-colored 
clay. The few fossils other than plants that have been found consist of 
a wing of a termite, described by Collins,* in a clay lens south of Grand 
Junction, Hardeman County, and a few elytra of beetles. Berry’ has 
recently described a new type of caddis case which has heretofore been 
regarded as an isopod belonging to the genus Lygida. é 

The Holly Springs formation contains a few thin layers of hardened 
sand and clay, mostly less than five feet thick, cemented by iron oxide. 
Some of these lavers containing fossil plants occur at various horizons in 
the formation and probably represent old ground-water levels. Many hard 
layers that lie at the contact between sand and clay may have been in- 
durated by the precipation of iron oxide from descending water. At some 
of these contactB the sand ities above the clay, a relation that suggests the 
precipitation of iron oxide from artesian water. 

The Holly Springs formation is probably two to four times as thick as 
the Porters Creek clay. The diagnostic features of the formation as a 
whole are (1) the prevailing coarseness of the sand, (2) the association of 
chert grains with the sand, (3) the several types of clay, and (4), most 
notably, the distinctive flora. 

Grenada formation.—The Grenada formation, which overlies the Holly 
Springs formation unconformably, outcrops in a belt that entends north- 
ward across west Tennessee, with width increasing from about 20 miles 
to the south to about 25 miles along the northern boundary. The forma- 
tion is concealed near its western border by surficial deposits and on the 
whole is not so well exposed as the Holly Spring: formation. It consists 


SE. W. Berry: The lower Eocene floras of southeastern North America. U. 8. 
Geol. Survey Prof. Paper 91, 1916. 

*k. L. Collins: A lower Eocene termite from Tennessee. Am. Jour Sci., vol. 9, 
1925, pp. 406-410. 

5E. W. Berry: A new type of caddis case from the lower Eocene of Tennessee. 
U. S. Nat. Mus. Proe., vol. 71, 1927, pp. 1-4. 
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mainly of beds of sand and clay, but includes some layers of indurated 
clay. The Grenada formation closely resembles the Holly Springs, but 
it contains a peculiar flora and it has certain distinctive lithologic fea- 
tures so that it can be separated. 

The sand in the formation is interbedded with clay in about the same 
manner as that in the Holly Springs formation. The grains are generally 
smaller, ranging between 150 and 200 mesh, a difference probably indi- 
eating that the conditions of deposition were more unifrom in upper than 
in lower Wilcox time. The sand is more uniform in color, with gray 
tones predominating, and organic matter has played little or no part in 
coloring it. The quartz is the cleanest found in the Eocene sand of 
Tennessee, and tourmaline, hornblende, rutile, zircon, muscovite, bio- 
tite, and chlorite also occur. Hornblende is the principal dark constit- 
uent. Limonite occurs mostly in the form of concretions, which are of 
two types. One type is cylindrical, 2 to 4 inches in length and up to 
one-fourth of an inch in diameter. Some of the cylinders are hollow. 
The other type is round and flat and has a limonite shell and a clay cen- 
ter. At a few places thin layers of low-grade limonite occur along the 
contacts of sand and clay. Some of these show two sets of fractures, 
which resemble woody structure. The sand is at many places bedded. 
It has yielded no fossil plants. 

Clay in the Grenada formation occurs as a smooth, white, dove- 
colored to brown, fine-textured clay and as gritty, light-colored clay. The 
darker clay contains in places variable amounts of lignitic material and 
is usually fossiliferous. The fossils consist of imprints of leaves, frag- 
ments of stems, and a few fruits and flowers. The best plant localities 
are north and south of Somerville, in Fayette County. A characteristic 
feature of the clay is the occurrence in it of numerous small crystals of 
selenite, which average 2 to 3 millimeters in length. Other minerals 
found in it are muscovite, biotite, marcasite, and pyrite. It contains a 
few clay concretions, which are of about the same color and texture as the 
soft clay in which they occur. The clay is not indurated and when wet 
is rather plastic. On weathering it breaks down into small rectangular 
pieces, its fracture being somewhat like that of the Porters Creek clay, 
but not so pronounced, 

The layers of indurated clay which occur throughout the Grenada 
formation are composed of clay and iron oxide of reddish to yellowish 
brown color. It was from material of this sort, at a place 3 miles south 
of Somerville, that Safford collected plants, which he sent to Lesquereux 
for determination ; they combined seven genera and eleven species.® The 











®°J. B. Safford: Geology of Tennessee. Nashville, Tenn., 1869, pp. 426-428. 
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leaf imprints obtained from these layers show excellent detail. No 
layer exceeds 3 feet in thickness and none extends far. It has also been 
reported in many artesian wells at Memphis. Ocher and low-grade 
limonite are associated with the clay in the southern part of the State. 

The Grenada formation is between 100 and 150 feet thick. Its struc- 
tural features are like those of the Holly Springs formation. The in- 
durated lavers lie in such manner at some places as to suggest structure, 
but slumping is so widespread that their attitude should not be inter- 
preted as significant. 

JACKSON FORMATION 

The upper Eocene is represented by sediments of Jackson age and is 
bounded above and below by unconformities. The Jackson formation 
crops out in the Chickasaw Bluffs along the Mississippi and its outcrop 
zone extends across Tennessee. The formation consists of sand, clay, a 
few thin layers of lignite, and beds of indurated sand differing greatly 
from those of the Wilcox. The sand is finer and is more uniorm in 
size than any other Eocene sand except that of the dikes which cut the 
Porters Creek clay. There is much admixture of silica and clay and 
some grains of chert, muscovite, pyrite, marcasite, and small fragments 
of lignite. The beds look green but contain no greensand. Lamination 
is well developed, with nearly horizontal bedding planes. The sand has 
yielded no fossils except a few lignitized logs. It contains many small 
seams of clay, some of them Jess than an inch thick. 

The clay in the formation contains thin seams of lignite, three of 
which are between 12 and 18 inches thick. A large part of the clay is 
dark brown to black, but some of it ranges from gray to dove color. The 
darker colors are due to the presence of lignitic matter. The clay is 
smooth, containing relatively little grit. It contains a small amount of 
muscovite. On weathering it breaks down into large, irregular masses. 

The lignitic clay has yielded a fairly well preserved flora of carbonized 
leaves, fragments of stems, and a few fruits. The leaves curl up and 
peel off on drying, leaving a faint imprint of the same color as the clay. 
About nineteen species have been described by Berry,’ and recent col- 
lections have probably increased this number. 

The lignitic layers are best developed at Richardsons Landing, in 
Tipton County, where there are three layers of lignite, about 20 feet 
apart, underlain by sand and overlain by clay. The lignite grades up- 
ward into lignitic clay, which grades into dove-colored clay. The lig- 





TE. W. Berry: The middle and upper Eocene floras of southeastern North America. 
U. 8. Geol. Survey Prof. Paper 92, 1924. 
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nite is dark brown to black and gives a reddish brown streak. On 
weathering it breaks into rectangular blocks. Marcasite, both in the 
form of small concretions and in a finely divided state, is more or less 
evenly disseminated through it. 

In the northern part of the State, along the Chickasaw Bluffs, east of 
Reelfoot Lake, there is a 5-foot lens of indurated sand which is practi- 
cally a sandstone. The sand grains are very small and of uniform size 
and are held together by a matrix of silica with less than 2 per cent of 
lime. The silica content is about 75 per cent. 

The Jackson formation is 70 to 120 feet thick, but this is only a part 
of its original thickness, and therefore it does not represent all of the 
Jackson time. The formation in Tennessee is probably of the same age 
as the lower (marine) Jackson of Crowleys Ridge, Arkansas. East of 
Chickasaw Bluffs, where the deposits would be expected to outcrop, they 
are concealed by sand and gravel, so thick that the deepest gullies show 
no Jackson deposits. 

PLIOCENE-PLEISTOCENE DEPOSITS 


Throughout west Tennessee a thick mantle of sand and gravel covers 
much of the Eocene, Cretaceous, and older deposits, most of it consisting 
of weathered and reworked Eocene and Cretaceous material. Glenn® has 
called these deposits the Lafayette formation. They correspond to the 
upper part of the Lafayette of McGee.® The gravel consists of fragments 
of quartz, chert, sandstone, quartzite, and some clay pellets. It includes 
a few reworked Paleozoic fossils, such as fragments of corals, crinoid 
stems, spirifers, bryozoans, and gastropods. The gravels are generally 
unconsolidated and are mixed with sand. Along the bluffs of the Mis- 
sissippi, south of Memphis especially, masses of consolidated gravel a foot 
or more in diameter and of about the shape of a tree stump have been 
dislodged from the beds. The gravel consists of well rounded and flat- 
tened pebbles from 1 to 2 inches in diameter. 

The sand is of about the same compensation as the gravel, except that 
its iron content seems to be higlier. In texture it ranges from very 
coarse to medium, but most of it is coarse. Its grains are well rounded 
and are coated with iron oxide. Its prevailing color is reddish brown, 
though many light-gray streaks run at random through the beds. The 
beds contain alternating brown and gray layers. The gray layers are 


SL. C. Glenn: Underground waters of Tennessee and Kentucky west of Tennessee 
River and of an adjacent area in Illinois. U. 8S. Geol. Survey Water Supply and Irriga- 
tion Paper 164, 1906, pp. 40-43, 

°W J McGee: The Lafayette formation. Twelfth Ann. Rept. U. S. Geol. Survey, 
Pt. I, 1891, p. 497. 
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composed of sand having a closer texture than the brown, a texture due 
to a higher content of clay in the matrix. 

The iron content of the sand probably averages less than 2 per cent. 
Besides forming an opaque envelope around the grains, it is distributed 
through the matrix. At some places the beds of sand and gravel attain 
a thickness of 30 feet. The beds of gravel are thickest near streams. One 
of the thickest occurs along Chickasaw Bluffs east of Reelfoot Lake. 
Their proximity to streams suggest their terrace origin. 

The sand and gravel beds may be recognized by (1) their prevailing 
red color, (2) their coarse sand, (3) their great weathering, (4) their 
uneven contact with the underlying deposits, (5) their widespread occur- 
rence, (6) their flattened gravels, and (7) their content of reworked 
Paleozoic fossils. 
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Period Subperiod Formation Character 
—_—— — Sc | 
| Recent | Alluvium | Gravel, sand, and mud of 
| |  fluviatile origin 
| Gray and yellowish brown 
Quaternary Pleistocene | Loess | loess with some concre- 


tions and a sparse fauna 





“Lafayette” for- 


Gravel and sand, with few 
































—____—___————; Plio-pleistocene mation | reworked Paleozoic fos- 
sils in the gravel 
| Sand, clay, lignite, and 
| Upper Eocene | Jackson forma- | indurated layers of the 
| tion | clay and sand. Fairly 
abundant floras 
| | | Sand, clay, thin beds of 
Grenada | lignite and indurated 
| @ forma- | clay. Well preserved 
S| tion | and abundant floras 
Tertiary Sb | 
| | Sand, clay, thin beds of 
| 8 indurated sand and clay 
| Lower Eocene | £/ Holly | and a clay conglomerate 
= Springs | with abundant floras in 
forma- the clay and to less ex- 
tion | tent in indurated beds 
| | Porters | Gray clay with a sparse 
| 2 Creek marine fauna, green- 
| & clay | gand, and _ sandstone 
| >, | dikes 
e | 
£|Clayton | Thin lenses of limestone 
S forma- | with some greensand 
tion | and a marine fauna 
Owl Creek tongue 
Ripley forma- MeNairy sand member 
tion Coon Creek tongue 
Selma formation | Chalk and sand 
Cretaceous Upper Cretace- 
ous Eutaw forma- Coffee sand member 
tion Tombigbee sand member 
Tuscaloosa for- | Gravel, sand, and clay 
mation gravel to the north 
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ConcLUSIONS 

Of the Tertiary deposits in western Tennessee the Clayton formation 
and the Porters Creek clay are of the marine origin, a fact shown by their 
fossils. Sediments of Wilcox age appear to have been formed as the water 
was withdrawing from the embayment and the sand was coming in from 
the Gulf. The clay was formed in isolated bodies of water or in ponds, 
around which grew a luxuriant tropical to subtropical flora, many re- 
mains of which are preserved. No marine fossils have been found in the 
beds of the Wilcox group or of the Jackson formation. The Jackson 
deposits suggest swampy areas, more widespread than those of upper 
Wilcox time. The Pliocene-Pleistocene deposits are of purely terrestrial 
origin and were derived, in part by weathering, from the deposits on 
which they accumulated. The entire Tertiary succession cf western 
Tennessee is more incomplete than the Tertiary in Mississippi and Ala- 
bama, owing to the wedging out of several formations south of the Ten- 
nessee State line. 
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INTRODUCTION 


The Pichis and Pachitea rivers form a link in the main line of travel 
from Lima across the Andes and through the Peruvian montaia to 
Iquitos. By this route one travels from Lima to Oroya by rail in one 
day, from Oroya to La Merced by automobile in two half days, from La 
Merced to Puerto Yessup, over the well graded “Pichis Trail,” on mule- 
back in six to eight days, and from Puerto Yessup to Puerto Bermudez 
ina short day by canoe. At times of high water steamers of the smallest 
draft can ascend the Ucayali River as far as Puerto Bermudez, but at the 
time of lowest water, in September, they can not enter the Pachitea 
River. In 1925 a motorboat service for mail and passengers was estab- 
lished between Puerto Bermudez and Masisea, which increased the 





‘Manuscript received by the Secretary of the Society February 6, 1928. 
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length of the period during which the rivers could be navigated in power 
boats, though when the water is at its lowest stage even these can ascend 
only part way. At all times the journey can be made by canoe, and the 
upstream trip requires fifteen days. At Masisea connection is made with 
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Ficure 1.—Index Map of Upper Amazon Region 


Showing location of Pichis and Vachitea rivers. 


river steamers that ply between Iquitos and places on the Ucayali River. 
The passenger business on these steamers is incidental, their main busi- 
ness being trading along the river; they therefore operate on no fixed 
schedule, and they are subject to long waits, so that the journey between 


Masisea and Iquitos occupies about two weeks. 
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Though there is considerable travel along the Pichis and Pachitea 
rivers, no good map of them is available and no account of the geology 
along them has been published. In September, 1925, Mr. Ernest C. 
Roschen and I ascended the rivers in canoes, making a map and a 
reconnaissance study of the geology. The method used in making this 
map is one that I have found very satisfactory in traversing rivers. 
Directions are determined with the Brunton compass and units of dis- 
tance are estimated along the bank of the river. This gives a reasonably 
accurate reconnaissance traverse of undetermined scale, and if it can be 
tied to points of known geographic positions, the scale of the map can be 
determined. Such points were made available by the Carnegie latitude 
and longitude determinations at their stations at Masisea, Honoria, 
Baios, Puerto Victoria (mouth of Palcazu River), and Puerto Bermudez. 


GEOGRAPHY AND PHYSIOGRAPHY 
THE CORDILLERA ORIENTAL 


In northern and central Peru two ranges of the Andes approach or 
exceed the snowline in elevation, the Cordillera Occidental, which is the 
continental divide, and the Cordillera Central. In the vicinity of Cerro 
de Pasco they coalesce to form the mountain mass known as the Nudo de 
Pasco. North of this nudo they are separated by the valley of the Mara- 
non River and south of it by the intermontane plateau of Cerro de Pasco- 
Oroya-Huancayo. West of the Cordillera Occidental, between latitudes 
8 and 11 degrees south, is a third high range, the Cordillera Negra, 
which also approaches the snowline in elevation. East of the Cordillera 
Central is a depression, east of which is another much lower Andean 
range called the Cordillera Oriental, about which very little is known, 
either geographically or geologically. 

The Cordillera Oriental enters northern Peru from Ecuador as a well 
defined range consisting of a main ridge and parallel subordinate flank- 
ing ridges between the Santiago and Morona rivers. The physiographic, 
geologic, and structural features of this part of the range are magnifi- 
cently exposed in a famous canyon, the Pongo de Manseriche,? which the 
Marafion River has cut through it. The range continues in a direction 
east of south from the Marafion River to the Huallaga River, but as it 
approaches the Huallaga River it loses its simple anticlinal structure and 
becomes more complex and faulted. The main range crosses the Huallaga 
River between Shapaja and Chasuta, two small towns between Juanjui 








*Joseph T. Singewald, Jr.: Pongo de Manseriche. Bull. Geol. Soc. Am., vol. 38, 
1927, pp. 479-492. 
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and Jurimaguas, but even above Juanjui deep canyons are cut into mas- 
sive Mesozoic limestones.* The low country between the Cordillera Cen- 
tral and the Cordillera Oriental is not uniformly level. The country 
around the headwaters of the Nieva and Mayo rivers is practically un- 
known to civilized men, but is apparently a terrane of considerable re- 
lief. The country from Moyobamba to Juanjui and Uchiza and on up 
the Huallaga River is a pronounced valley, but it is broken by many 
ridges, which cause the numerous canyons and cataracts along the course 
of the Huallaga River, the general descent of which is slightly more east- 
ward than the regional strike of the strata. 

Still less explored is the Cordillera Oriental between the Pachitea 
River and the place where the range is crossed by the Huallaga River. 
At its north end it becomes a wide, complex succession of high ridges and 
transverse spurs. Near the Pachitea River it decreases in elevation and 
becomes much narrower. South of the Pachitea River, between the 
Pichis River and the Ucayali, is a high range of mountains, clearly visi- 
ble from the upper Pachitea River and the Pichis River, which is prob- 
ably the southward continuation of the Cordillera Oriental. 

Nowhere north of the Pachitea River is the Cordillera Oriental com- 
parable in height to the two main Andean ranges. At few places does it 
exceed 5,000 feet in height and most of it is considerably lower.- The 
mountains south of the Pachitea River, that seem to be the southward 
prolongation of the range, appear to be much higher. 

The Cordillera Oriental of northern Peru differs greatly from the 
Andean ranges to the west and the Amazon plain to the east. It lacks 
the igneous rocks (volcanic and plutonic), the metamorphic rocks, and 
the older strata of the Cordillera Occidental and the Cordillera Central. 
The oldest formation exposed in it is the Pongo sandstone, of lowermost 
Cretaceous or uppermost Jurassic age. The range consists almost exclu- 
sively of the Pongo sandstone, the Cretaceous Shale-Limestone series, and 
the Red Beds, which were described in my report on the Pongo de Man- 
seriche. East of it begins the upper Amazon basin, without prominent 
topographic features and in which the oldest outcropping formation is 
the soft red shale of the Red Beds. Most of the basin is underlain by 
alluvium and younger Tertiary beds containing no hard, resistant mem- 
bers. The Contamana Mountains, east of Contamana, caused by the 
elevation of the Pongo sandstone and the Shale-Limestone series above 
the level of the basin, are not an exception to this statement, as they are 


Joseph T. Singewald, Jr.: The Ellsworth expedition to the Peruvian Andes. Bull, 
‘an American Union, March, 1925, pp. 254-262. 
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FicurE 2.—Geologic Map of Pichis and Pachitea Rivers 
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really an outlying spur of the Cordillera Oriental that begins at Petronila, 
on the Ucayali River, and runs southward in a course a little more east- 
ward than that of the river. The Contamana Mountains attain an eleva- 
tion of about 2,500 feet. 

Whether the Cordillera Oriental continues much farther northward 
than Puerto Pardo, into the region explored by Sinclair and Wasson,‘ 
in central Ecuador, is not certain. It is not described by them as a topo- 
graphic feature of that region, but its continuation that far north is sug- 
gested by the beds of limestone, overlain by Red Beds, in the vicinity of 
Napo and by the rapids and canyons of the Napo and Misahualli rivers. 
The high Andean range, called on their map the Cordillera Oriental, 
corresponds to the Cordillera Central of northern Peru. 


THE PICHIS AND PACHITEA RIVERS 


The Pichis-Pachitea River system is far less difficult and dangerous to 
navigate than any of the other river courses that give access to the Peru- 


vian Amazon region from the Andes, and it affords the most direct 
route. It is entirely free from canyons, cataracts, and whirlpools, such as 
make navigation of the Maraion and Huallaga rivers so dangerous, and 
it is a more direct and a safer route than that along the Perene River to 
the Ucayali River, which it has supplanted. Throughout most of its 
extent the stream has a moderate current and well developed meanders. 
Some rapids lie along its course at places where it cuts across hard beds 
or where large masses of debris have been dumped, but they are simnly 
straight-running swift waters, without perilous whirlpools, so that their 
passage is not dangerous. All of them can be navigated by power boats 
when the depth of water is sufficient to permit the passage. The swiftest 
are those below the mouth of the Quebrada Lluya-Pichis. Others are at 
the Quebrada Sungaru, at the Quebrada Sira, and at Bajos. 

A traveler ascending the Pachitea River can see a low ridge above the 
Quebrada Agua Caliente, doubtless formed by the Pongo sandstone, which 
outcrops farther up the river. Where the river actually cuts through 
the sandstone the ridge descends nearly to its level, so that the traveler 
is hardly aware of its existence. The general impression he receives as 
he ascends the river is that he is traversing a relatively flat terrane of 
low topographic relief. However, many escarpments capped by thick 
beds of sandstone run parallel to the river for short distances and then 
recede. The country back from the rivers is doubtless considerably 





* Joseph H. Sinclair and Theron Wasson: Explorations in eastern Ecuador. The 
Geographical Review, vol. 13, 1923, pp. 190-210. 
XXX—BuLL. Grot. Soc. AM., Von. 39, 1927 
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dissected and includes many escarpment ridges. Few of the escarp- 
ments or bluffs along the river are more than 200 feet high. 

In their upper courses the Pachitea and the Pichis rivers flow in the 
low country on the west side of the Cordillera Oriental. As may be seen 
on the geologic map, the stream generally follows the strike of the beds 
that underlie the valley, but it swings slightly to the right across sue- 
cessively older beds. Puerto Yessup is about at the base of the eastern- 
most spurs of the Cordillera Central. 

The Pichis River is formed by the confluence of the Azupizu River 
and the Mazarateque River about 6 miles above Puerto Bermudez. The 
Pachitea is in turn formed by the confluence of the Pichis and the Pal- 
cazu near latitude 9° 50’ south. 

GEOLOGY 
STRATIGRAPHY 

General statement—The rocks that outcrop along the Pichis and 
Pachitea river fall into four lithologic groups, which have been desig- 
nated, in ascending sequence, the Pongo sandstone, the Cretaceous Shale- 
Limestone series, the Red Beds, and the Brown Beds. In addition, 
there is the Recent alluvium. 

The Pongo sandstone—The oldest formation exposed along the 
Pachitea River is a massive, highly cross-bedded, coarse-grained to fine- 
grained, pebbly, white sandstone that corresponds to the lowest beds ex- 
posed in the Pongo de Manseriche. It is encountered only upstream from 
the Isla de Chonta, where no more than 100 to 200 feet of beds are ex- 
posed, with neither its top nor its bottom visible. Locally the outcrop- 
ping rock is rusty iron-stained. 

The Cretaceous shale-limestone series——These beds outcrop in two 
areas on the Pachitea River, a small one at the Isla de Chonta and a 
larger one extending from the Quebrada Banos to the Quebrada Puma- 
yacu. At the Isla de Chonta the beds are gray, nodular-fracturing shale 
and calcareous shale that weather iight gray to grayish white and grade 
into thin beds of darker gray to blue-gray fissile shale. A few thin beds 
of sandy rock and gray granular limestone are included in the shale. 
The beds are abundantly fossiliferous, yielding ammonites, echinoderms, 
pelecypods, and gastropods. 

A more extensive and varied section is revealed in the Bafos area, 
where the beds form the nose of a pitching anticline and are well exposed 
in the repeated meanders of the river. On one limb, about 100 feet below 
the Red Beds contact, is a massive sandstone, more than 60 feet thick 
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that corresponds to the Huacanqui sandstone member of the shale-lime- 
stone series in the Pongo de Manseriche section. Lithologically it is like 
the Pongo sandstone, being a white to tan-white, fine to coarse grained, 
cross-bedded, massive sandstone containing pebbly beds. 

Overlying the Huacanqui sandstone are 100 feet or less of shale con- 
taining thin beds of sandstone mostly only a few inches thick, but some 








FIGURE 3.--Outcrop of Pongo Sandstone on the Pachitea River 


as much as 18 inches. Most of this shale is lead-gray, but some beds are 
green-gray and some are blue-gray, and it ranges from a massive clay- 
shale to platy to fissile beds. 

More than 500 feet of the underlying beds are exposed, beneath 
the Huachanqui sandstone, but their basal contact with the Pongo sand- 
stone is not revealed. The thick beds of massive limestone that form a 
prominent feature of the Pongo de Manseriche section do not appear 
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along the Pachitea River. The limestone is thickest in the vicinity of 
Banos, where the beds range from 2 to 6 feet in thickness. They are 
either massive or divided by bedding planes at intervals of 1 to 6 inches, 
The rock is a smooth-textured gray limestone, but even at Banos inter- 
calated beds of shale form more than half of the strata. The shale jg 
pearl-gray to blue-gray, is nodular in fracture, and grades into hard, 
calcareous shale. 

At the mouth of the Quebrada Bajos a strong flow of hot water issues 
from the sand of the playa. It has no taste and the small amount of gag 
bubbling from it is not inflammable. In the same region the Quebrada 


Ficure 4.—Limestone Beds in the Shale-Limestone Series at Baiios 


Agua Caliente discharges warm water that has no taste to indicate its 
chemical character. Most of the numerous thermal springs in the Peru- 
vian montana occur in the outcrop areas of the Pongo sandstone and the 
shale-limestone series and are strongly ferruginous or sulphvrous 
Overlying the limestone at Banos is a succession of shales with prom- 
inent beds of sandstone, some of which attain a thickness of 6 feet. 
The thicker, massive beds are white or nearly white. There are also thin- 


bedded sandstone and sandy blue-gray and blue-green shale. The shale 


which preponderates considerably, is more highly colored and presents a 
wider range of color than elsewhere, for in addition to the common 
range of shades of gray, there are bes of blue-green, green, and red shale. 
Except the limestone and sandstone around Baios and the Huacanqui 
sandstone described above, the strata consist e-sentially of gray shale and 
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of calcareous shale containing some intercalated beds of nodular lime- 
stone. The color of the shale generally accords with its calcareousness. 
The highly calcareous shale is light gray or pearl, and noncalcareous is 
darker gray, blue-gray, or green-gray. At some places there are zones of 
green shale and of red shale very similar in appearance to the red clay- 
shale of the Red Beds. In structure the shale ranges from thin-bedded to 
nodular fracturing. Most of the beds of nodular limestone are only a 
few inches thick, but some are 4 feet. More common-than continuous 
beds of limestone are discontinuous layers of limestone concretions. The 
spacing of these layers in the shale ranges from a few inches to several 


Figtre 5.—Discontinuous Layers of Limestone Concretions in the Shale-Limestone 
Serics 

feet. Practically no intercalated beds of sandstone are seen, but some 
thin beds of sandy shale weather out in relief in exposures of gray nodu- 
lar shale. Many of the beds of calcareous shale and limestone are fossil- 
iferous and some are highly so. Prominent among these fossils are 
ammonites, well preserved oysters, and echinoderms. 

The Red Beds.—The Red Beds along the Pachitea River are different 
from those along the Maraion River in the Pongo de Manseriche region, 
although resembling somewhat the strata of the upper red clay-shale 


horizon, from which they differ chiefly in being somewhat calcareous. 
Nothing is seen in the Pachitea region like the sandstone that is so 
prominent in the upper part of the Pongo de Manseriche, nor like the 
intermediate gray shale beds above the Pongo. 
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Throughout most of its course the Pachitea River flows over the Red 
Beds. Even from Masisea, on the Ucayali River, to the Isla de Chonta, 
where the Red Beds underlie a surface mantle of alluvium, they outcrop 
repeatedly in the bluffs and banks. In a long stretch from the Islas de 
Shahuinta nearly to Baios the exposures of the beds are more continuous, 
In its upper part, from the Quebrada Pumayacu to the mouth of the 
Pichis, the Pachitea flows over the Red Beds, except where its most 
easterly meanders extend into the overlying Brown Beds. Downstream 
from the Quebrada Pumayacu the meanders cut back and forth across 
the contact of the Red Beds and the shale-limestone series, affording a 








Ficure 6.—Thin sandy Layers in gray nodular Shale of the Shale-Limestone Series 


complete section of the Red Beds, every stratum of which is exposed re- 
peatedly in its numerous meanders and loops. The lower contact is 
crossed seven times by the Pachitea and the upper contact six times by the 
Pachitea and three times by the Pichis. 

From Masisea to the Quebrada Agua Caliente the outcrops of the Red 
Beds consist of soft, red clay-shale showing little or no bedding. Between 
the Quebrada Agua Caliente and the Isla de Chonta it contains inter- 
calated hard beds, both of sandstone and calcareous shale, and the shale 
grades into limestone. The limestone ranges from gray, gnarly rock, 
made up of concretionary nodules, to smooth-textured white rock. 

The Red Beds exposed between the Islas de Shahuinta and Bajios con- 
sist prevailingly of red clay-shale with many purple or purplish red and 
some green layers. At some places it contains stringers and spots of gyp- 
sum. Intercalated in the Red Beds are white and pale green, highly cal- 








at 














GEOLOGY 457 


careous argillaceous beds, most of them only a few inches thick, and beds 
of sandstone that reach a thickness of 20 to 30 feet and range in color 
from white to tan to red. A bed of pinkish granular limestone con- 
tains ornate gastropods. 

In the large Red Bed area south of the Quebrada Pumayacu the strata 
have a western dip of 5 degrees or less. The strike is almost due north. 
The uniform monoclinal dip of the strata and the exposure of the base 
and the top of the series in the meanders permit a fairly accurate deter- 
mination of their thickness, which is about 3,000 feet. In this part of the 
Pachitea River the Red Beds also present a pronounced red clay-shale 
facies, with the shade of red ranging from predominant bright red to 
purple red, and many zones of green shale are included. Intercalated in 





— 








Ficore 7.—River Bluff at Masisea 
An exposure of typical soft red clay-shale of the Red Beds. 


the shale are innumerable beds of calcareous-argillaceous rock, usually 
pale green to white, that is harder than the typical red clay-shale and that 
grades into smooth-textured limestone. Most of these beds are only a 
few inches thick, and where they are closely spaced they give the outcrops 
a bedded or banded appearance ; very few of them exceed a foot in thick- 
ness. The individual beds do not maintain a uniform thickness, nor are 
they persistent for long distances along the strike. They contain poorly 
preserved gastropods and pelecypods. 

Numerous beds of sandstone and sandy shale form a minor percentage 
of the total thickness of the series. The sandy shale is prevailingly red, 
but at places it is pale green, and it is generally interbedded with thin 
layers of sandstone to make up sandy members as much as 15 feet thick. 
Some of the sandstone beds are slabby, but most of them are massive and 
cross-bedded. Most of the beds are less than 3 feet thick, but some 
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are 10 to 15 feet, especially those near the top of the series. Lensing 
and variation im thickness are conspicuous. Red and reddish tan are the 
prevailing colors of the sandstone, but tan and various shades of green 
are not uncommon. Most of the sandy beds are fine grained and more 
or less argillaceous. Cross-bedding is common and lenticular beds of 








Figure 8.—Jnterbedded red Clay-Shale and white calcareous Rock in the Red Beds 
along the Pachitea River 





Ficure 9.—Sandy Part of the Red Beds 
Showing a bed of massive sandstone of irregular thickness overlain by interbedded 
slabby sandstone and sandy shale. 


sandstone truncate the bedding planes of the immediately underlying 
strata. 

The Brown Beds.—The Azupizu River and the Pichis River in most 
of its course flow over a group of younger beds, which, because of their 
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color, are called the Brown Beds, in contradistinction to the Red Beds. 
They are well exposed in the numerous curves and meanders of the rivers. 
They lie conformably on the Red Beds and, like those beds, they have a 
uniform low westerly dip. Their relations to the younger Tertiary in the 
vicinity of the Pongo de Manseriche are not clear. They are quite dis- 
tinct in character and they lie directly on the Red Beds, whereas on the 
Maraiion River the younger Tertiary is only in fault contact with th: 
Red Beds. 

The Brown Beds differ mainly from the Red Beds in the disappear- 
ance of the whitish calcareous beds, the change from the typical red 
color to a reddish brown color, and an increase in the sandiness of the 
beds as a whole and in the thickness of the beds of massive sandstone. 


Fievure 10.—Cross-bedded Sandstone in the Brown Beds of the Pichis River 


The greater part of the Brown Beds consists of clay-shale and sandy shale 
resembling the shale of the Red Beds, but differing from it in color. 
Very few beds are purplish red and beds of green shale are still more 
uncommon and usually thin. Though the reddish-brown shale is blotched 
with green, the blotches are much less numerous than those in the red 
shale. The exposure at Puerto Bermudez is fhe only one in which the 
green blotches are as numerous and as prominent as they are in most 
portions of the Red Beds. Most of the sandy shale is paler than the 
clay-shale. 

In the passage from the Red Beds to the Brown Beds thick beds of 


massive sandstone are more numerous and form escarpments along the 
river banks. Some of these beds are 20 to 30 feet thick, but most of them 
are less than 10 feet thick. Groups of beds consisting of alternating layers 
of sandstone and shale, from a few inches to a foot thick, recur repeatedly 
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in the section. The sandstone is reddish brown, brown and tan, with the 
brown tone more pronounced in the sandstone than in the shale. The 
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rock is mostly fine to medium grained, soft 
and argillaceous. The structure is in large 
part massive, but in many outcrops the 
stratification is prominently marked by al- 
ternating harder and softer layers. Cross- 
bedding is common, both within the individ- 
ual beds and as a succession of lenses that 
truncate the planes of stratification of the 
beds on which they rest. 

About 3,000 feet of the Brown Beds are 
exposed along the Pichis and Azupizu rivers, 
but as their top is not reached along these 
rivers, the total thickness could not be de- 
termined. 

STRUCTURE 

South of the Bafios anticline, both the 
Red Beds and the Brown Beds have a uni- 
form westerly dip of about 5 degrees. The 
strike of the Red Beds along the Pachitea 
River is almost due north with local deflee- 
tion in places, owing to slight warping or 
a slight flattening of the dip. At the mouth 
of the Paleazu River there is a local sharp 
reversal to an easterly dip. On the Pichis 
River the strike of the Brown Beds bends 
to a direction a little west of north, but the 
low westerly dip of about 5 degrees con- 
tinues. 

Between Maissea and the Quebrada Agua 
Caliente the outcrops are discontinuous and 
consist of clay-shale, so that they afford 
scant information concerning the structure. 
The strata are probably flat and but little. 
disturbed. 

Between the Quebrada Pumayacu and the 
Quebrada Agua Caliente, where the Pachi- 
tea River cuts through the Cordillera Orien- 
tal, exposing the shale-limestone series and 
the Pongo sandstone, the structure is more 
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disturbed, and two small anticlines, separated by a syncline holding 
Red Beds, expose the older beds. 

At the Quebraba Agua Caliente the Red Beds dip steeply to the south 
and southwest, but with a sharp anticlinal buckle. Opposite the lower 
half of the Isla de Chonta the dip is reversed to the northeast and the 
Red Beds are succeeded upstream by beds of the shale-limestone series. 
The strikes and dips of this series are so much at variance with those of 
the Red Beds on the northeast, and those of the Pongo sandstone on the 
southwest, that both boundaries must be fault contacts. The strata them- 
selves show minor folding. The Pongo sandstone is so massive and has so 
low a dip that its strike and dip can not be accurately determined. The 
general structure is that of a very flat anticlinal arch having a sharp 
upward bend at the contact with the shale-limestone series und cut off. 
by faults both upstream and downstream. 

In the area between the Islas de Shahuinta and Baios the Red Beds lie 
in a shallow syncline pitching northwestward and having a flat northeast 
limb and a steeper southwest limb. The dip exceeds 6 degrees only 
toward the Quebrada Baifios, near which it steepens to more than 20 de- 
grees. 

At Baios the shale-limestone series is brought up in the nose of a 
northwestward-pitching anticline. The north limb of this anticline has 
steep dips, corresponding to those of the overlying Red Beds, and the 
west limb has low dips, corresponding to those of the Red Beds west of it. 
The outcrop of the prominent Huacanqui sandstone extends the whole 
length of the western limb and lies a short distance below the Red Beds 
contact. No corresponding sandstone outcrops on the north limb of the 
anticline—a fact which suggests that the Red Beds have been pushed 
up over part of the shale-limestone series on that limb. The fold may 
not be a simple asymmetrical anticline, with the Red Beds in normal con- 
tact over the shale-limestone series on both limbs; the contact on the 
northern limb may be an overthurst fault. 


CORRELATION 


The geological relations of the Pongo sandstone on the Pachitea River 
do not permit a more accurate correlation of it than in the Pongo de 
Manseriche region. It has yielded no fossils, but it is older than the 
shale-limestone series, the oldest fossils from which are of Albian age; 
so that it is pre-Albian. In the Pongo de Manseriche region the Pongo 
sandstone lies immediately beneath the shale-limestone series, and thus 
seems to correspond to massive quartzites found in a similar stratigraphic 
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position in the high Andes, the age of which is uppermost Jurassic or 
lowermost Cretaceous; consequently the age of the Pongo sandstone is 
probably Lower Cretaceous (Neocomian), or it may be as old as Upper 
Jurassic. This correlation is further corroborated by the studies of 
Wasson and Sinclair’ in eastern Ecuador. Their Hollin sandstone is the 
same as the Pongo sandstone and underlies fossiliferous beds whose 
oldest forms are Albian. 

The shale-limestone series is abundantly fossiliferous, with ammonites 
conspicuous and well preserved oysters, echinoderms, gastropods, and 
pelecypods. The ammonites have been determined and described by Dr. 
Maxwell Knechtel,® those from the Pachitea River localities belonging 
to the genera Tissotia, Lenticeras, Barrosiceras, and Buchiceras. Species 
of Tissotia are most abundant. Dr. Knechtel therefore regards the fauna 
as Senonian, and very probably Coniacian. The partial section of the 
Cretaceous shale-limestone series exposed on the Pachitea River repre- 
sents only the upper part of the series; it does not extend down to the 
Albian beds of the Pongo de Manseriche section. In this section, as in 
that in the Pongo de Manseriche, fossils are found at no horizon younger 
than Lower Senonian, a fact suggesting that considerable time elapsed 
between the end of the deposition of the shale-limestone series and the 
end of Cretaceous time. The Napo limestone of Wasson and Sinclair cor- 
responds’ to the shale-limestone series lithologically and stratigraphi- 
cally. The fossils from it have been determined by John B. Reeside, Jr.,’ 
who finds two horizons represented, one of middle Albian and the other 
of Turonian age. His correlation was based on the pelecypods and 
gastropods as well as on the ammonites. This series of beds of Cretaceous 
shale and limestone has therefore almost exactly the same range in time 
in eastern Ecuador as in eastern Peru and is Albian to Coniacian. 

In the contacts between the top of the shale-limestone series and the 
base of the Red Beds, so excellently exposed on the Pachitea River 
below the Quebrada Pumaycu, there appears to be conformable super- 
position of the Red Beds. The strike and dip of the beds of the two 
series is the same and the interval from the contact to the Huacanqui 
sandstone remains about the same at all the exposures. These relations 
substantiate the correlation indicated by the Pongo de Manseriche sec- 
tion—that the Red Beds are, in part at least, Upper Cretaceous. How 


5 Theron Wasson and Joseph H. Sinclair: Geological explorations east of the Andes 
in Ecuador. Bull. Am. Assoc. Petroleum Geologists, vol. 11, 1927, pp. 1253-1277. 

® Maxwell M. Knechtel: Cretaceous ammonites of the Ellsworth expedition to north- 
ern Peru. Unpublished dissertation, 1927. 
7 Loc. cit., p. 1264. 
® Bull. Am. Assoc. Petroleum Geologists, vol. 11, 1927, pp. 1268-1272. 
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high in the geologic column they extend is uncertain. After their 
deposition more than 3,000 feet of still younger beds were laid down, 
followed by the folding of the Cordillera Oriental and the deposition of 
the late Pliocene Pebas beds. The stratigraphic relations of the beds 
and the tectonic history of the region indicate that the top of the series 
marks a time no later than Middle Tertiary. Wasson and Sinclair 
found no fossils in the Red Beds of eastern Ecuador. As the abrupt 
change in lithology between the Napo limestone and the Red Beds sug- 
gested the possibility of an unconformity of some magnitude, they 
assigned the series tentatively to the Tertiary. The Red Beds are ex- 
tensively exposed along the Huallaga River,® where they include thick 
beds of salt and gypsum. A fragment of a jawbone with well preserved 
teeth was found in the beds near Chipeza by J. G. Richards. The teeth 
are described by H. E. Anthony *® as those of an Oligocene Peris- 
sodactyl. We found the Red Beds sparingly fossiliferous throughout the 
Peruvian montana and obtained fossils, mostly poorly preserved gastro- 
pods and pelecypods, from calcareous beds of the series at a number of lo- 
calities along the Pachitea River. A fine-grained sandstone yielded small 
oysters, and a bed of pink limestone contained small, ornate gastropods. 
Dr. H. A. Pilsbry has kindly described this rather meager and unsatisfac- 
tory material because, aside from the jawbone mentioned, it is the first 
paleontologic material obtained from this series of beds, which occurs 
over a vast area in the Upper Amazon region. Dr. Pilsbry* states that 
marine Upper Cretaceous forms such as the genus Gyrodes are found 
near the bottom of the Red Beds. The collections from the upper part 
of the beds contain a dozen fresh-water species included in the genera 
Ostomya, Corbicula, and Ampullaria, none of which, he says, by their 
character or by their affinity with forms now geographically remote, sug- 
gests an age greater than late Tertiary, Miocene, or Pliocene. The Ter- 
tiary age of part of the Red Beds is unquestionably established, though 
the geologic events that occurred after their deposition seem to require 
an amount of time that would make even Miocene too recent for any 
part of them. The evidence indicates that the deposition of this wide- 
spread series of red strata began early in Upper Cretaceous time and 
continued without interruption through the early Tertiary and possibly 
into the Miocene. 


® Joseph T. Singewald, Jr.: A trip down the Amazon River. Eng. and Min. Jour., 
vol. 119, 1925, pp. 18-20. 

*H. E. Anthony: A new fossil perissodactyl from Peru. Am. Mus. Novitates No. 
111, April 21, 1924. 

"H. A. Pilsbry: Cretaceous and Tertiary fossils from eastern Peru. Unpublished 
manuscript. 
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The Brown Beds yielded no fossils. They were tilted in the folding 
of the Cordillera Oriental and are consequently older than the horizontal 
beds of gray clay-shale containing lignitic coal and fresh-water or brack- 
ish-water Pliocene fossils,!* which are found at several places in the 
upper Amazon basin and which escaped the orogenic movements that de- 
formed the beds in the Cordillera Oriental. Their possible upper limit 
is thus fixed at Miocene or even Pliocene. That they overlie the Red Beds 
conformably is shown at the nine places where the contact of the two 
series is crossed by the meanders of the Pachitea and Pichis rivers. As 
the upper limit of the Red Beds is uncertain, the age of the lower 
boundary of the Brown Beds is equally uncertain. The Tertiary age of 
the series is established and it is probably Miocene. 


AGE OF THE CoRDILLERA ORIENTAL 


In the paper on the Pongo de Manseriche region it was shown that the 
Cordillera Oriental is older than late Pliocene and younger than the 
vounger Tertiary series of that region. Its age was fixed with reasonable 


assurance as late Miocene, as shown by the geologic history of the region 
between Coniacian and late Pliocene time. The correlations indicated 
by the fresh-water fauna in the upper part of the Red Beds would suggest 
an even more recent age for this range; that would make it necessary 
to place its folding in Pliocene time; but, until more definite and more 
complete paleontologic evidence is available, it seems prudent not to 
place the age of the range later than the end of the Miocene. 


2 Julia Gardner: A recent collection of late Pliocene invertebrates from the head- 
waters of the Amazon. Jour, Wash. Acad. Sci., vol 17, 1927, pp. 505-509. 
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INTRODUCTION 


In Utah, Nevada, and other more or less arid parts of the western 
United States the steeper slopes of most of the mountains are fringed 
with alluvial deposits, which form bajadas, or alluvial slopes. The unit 
of a series of such deposits is the alluvial fan, the apex of which is in 
the mouth of a mountain canyon. 

The surfaces and the eroded sections of these fans show two features 
by which they can be distinguished from the alluvial deposits of moister 
regions: many of the fans are strewn with large, isolated boulders, and 
the deposit as a whole consists of beds of unassorted and unstratified 
earthy material, a heterogeneous mixture of particles of all sizes, which 
in that respect resembles glacial till and some volcanic agglomerates. 
Lawson? has given it the convenient name “fanglomerate.” 

These deposits have generally been supposed to be formed by floods, 
although floods normally assort their loads to some degree and leave 
their deposits perceptibly stratified. The products of stream action are 





1 Manuscript received by the Secretary, December 8, 1927. 
2A. C. Lawson: The petrographic designation of alluvial fan formations. Univ. 
of California Publications, Dep. G, vol. 7, 1913, pp. 325-334. 
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gravel, sand, or silt, not a bouldery earth or clay. Although short, swift 
floods may carry boulders and may deposit a poorly classified mixture of 
particles, their product is not devoid of bedding. Furthermore, it is dif. 
ficult to understand how a thin flood, that is not confined in a definite 
channel, can sweep boulders weighing hundreds of tons several miles out 


on a plain with a gradient of only 4 to 6 degrees. It is now known that 
these unstratified deposits are the products, not of ordinary water 
floods, but of mudflows. 

The mudflow has long been known to physiographers as a variety of 
landslide intermediate between a typical landslide and a water flood, 
Such flows have been reported from many parts of the world, wher 
earthy material on steep slopes becomes soaked with rain or snow water, 
Sir Martin Conway*® found them in parts of the Himalayas in Indig 
They are found also in the Alps and in the Rocky Mountains of the 
United States, as described by Howe* and others. Rickmers,> who ob 
served them in the mountains of Turkestan, describes them under the 
name “mudspates” and gives excellent views of them. Mudflows ae 
company many explosive volcanic eruptions, because large quantities 
of volcanic dust are mixed with the water of copious thunderstorms 
Herculaneum was buried by such a mudflow from Mount Vesuvius i 
the great eruption in 79 A. D. 

Nevertheless the geologic importance of mudflows has been but little 
appreciated by most geologists and physiographers. They are not given 
much space in most textbooks of geology. The writer found mudflows 
mentioned in only six representative modern textbooks and manualg 
and only two gave to them as much as a paragraph. Even in those two 
books they appeared to be regarded as unusual phenomena, confined 
chiefly to such mountains as the Alps and the Himalayas and to volcanic 
eruptions. It is safe to assume that students in university courses in 
geology learn very little about mudflows, and hence most geologists 
have but little initial acquaintance with this important element in land 
erosion. Yet in our semiarid and even our arid regions they are not rare 
and peculiar phenomena, but normal agencies of gradation, which aid 
greatly in forming the débris fans that border many high mountain 


ranges. 

2 Martin Conway: Informal remarks given in The Geographical Journal, vol. 30, 1907, 
p. 501. 

Ernest Howe: Landslides on the San Juan Mountains, Colorado. U. 8S. Geol 
Survey, Prof. Paper 67, 1909. 

5W. R. Rickmers: The Duab of Turkestan. Cambridge, 1913, 





INDIVIDUAL FLOWS 


DESCRIPTIONS .OF INDIVIDUAL FLOoWs 


The earliest description of mudflows that I have seen is that given 
by McGee® in an article on sheetfloods in northern Sonora and south- 
western Arizona. He described one such flow as “a thick film of muddy 
slime viscously rolling over a gently sloping plain” (page 100). Again, 
he refers to the sheetflood as “a sort of mudflow” (page 108). Walther ‘ 
mentions a similar type of flood, that he likens to a “sand porridge” 
(“Sandbrei’”’), spreading over the plains in deserts. 


Ficurr 1.—Small Mudflow near Morgan, Utah 
Shows the expanded end and the abrupt margin. 


In the summer of 1909 there was a short but heavy rainstorm in the 
Bear River Range, near Morgan, Utah. Figure 1, reproduced from a 
photograph taken by the writer a few days after the storm, shows that a 
lobate layer of mud, less than a foot thick, was added to the surface of 
the alluvial fan, although it covered less than a quarter of its area. This 
mud behaved in most respects like a viscous fluid, such as honey or hot 
tar. The margin of the flow, although only 8 inches high, is steep. The 
fence post, just inside the margin, was carried from the edge of the 





*W J McGee: Sheetflood erosion. Bull. Geol. Soc. Am., vol. 8, 1897, pp. 87-112. 
7 Johannes Walther: Das Gesetz der Wiistenbildung, 2d Fd., 1924, p. 191. 
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road but was not buried. The flowage within the mass created low, con. 
centric wrinkles, which may be seen in some parts of the figure. This 
was a small but typical mudflow. The opportunity to photograph such 
a feature in its entirety is probably rare. 

Two much larger mudflows, which occurred on the west side of the 
Wasatch Range, at Willard and at Farmington, in Utah, in August, 
1923, have been described by Pack.* I examined the flow at Willard, and 
that at Farmington was observed in passing. The known facts about the 
storm and the effects it produced are given in Pack’s interesting account, 











Figure 2.—A Detail of the Willard Mudfilow 


A well-kept garden transformed over night into a waste of mud and boulders. 


At the time of my first visit to the canyon, in 1909, it was an ordinary, 
V-shaped mountain canyon, whose sides were graded at angles of from 
30 to 35 degrees and were covered with soil or rock waste, which was 
slowly creeping down the slope. This material was more or less securely 


held in place by a mass of grass, herbage, and shrubbery, and by scattered 


groves of trees. In the bottom of the canyon was a small brook anda 
steep but passable wagon road. At the time of the storm the rain was 





SF. J. Pack: The torrential potential of desert waters [Utah]. Pan-American Geol, 
vol. 4 (40), 1923, pp. 349-356. 
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probably concentrated in the more spacious upper part of the valley. 
The storm not only washed large quantities of soil down the slopes into 
the main channel but caused many landslides, which partly choked the 
bottom of the canyon with slippery, water-soaked masses of soil, rein- 
forced with twigs and branches of trees. The lower part of the canyon, 
which is confined between precipitous walls of Cambrian quartzite, is 
narrower and has a considerably steeper descent. The churned-up mass 
of slimy earth, trees, and boulders gathered momentum as it descended 
this gorge and burst forth upon the plain at the village of Willard with 
sufficient impetus to carry it halfway down the slope of the fan. It 
covered the former surface with a layer of bouldery mud 3 to 4 feet deep. 
The flow deployed rapidly through the village, surrounded houses, 
carried off small outbuildings bodily or crushed them like eggshells, and 
overspread the concrete highway for hundreds of feet. The road surface 
was not injured by the mudflow and has since been cleared off. The 
front of the flow was about 3 feet high and almost as steep as the edge 
of a lava. coulée. The most striking characteristic of the flow is the 
abundance of boulders, which range in longest diameter from 1 to 15 
feet. Subsequent excavations made along the highway showed that 
many of these boulders do not rest on the ground beneath the flow, but 
lie on the flow itself. The whole mass is as unstratified as glacial till. 

The mudflow at Willard was immediately followed by a typical water 
flood, which lasted with diminishing power for several hours. This flood 
cut a steep-sided trench, 15 to 25 feet deep and 30 to 60 feet wide, 
through the mudflow and down into the older layers of the fan. It tore 
a gap in the concrete highway and spread a rudely assorted layer of 
coarse gravel and small boulders far out beyond the end of the mudflow, 
but it did not remove the concrete slabs from the site of the breach. 

It seems that the Willard mudflow was a normal but rare occurrence. 
The conditions observed in the canyons suggest that at any one locality 
two such events may be separated by centuries of time, during which 
the soil covering, talus slopes, and vegetation are regenerated. Similar 
mudflow deposits may be recognized on the alluvial fans of the Wasatch 
and many of the other higher and steeper mountain ranges of the Great 
Basin. They are especially prominent on the east flank of the Ruby 
Mountains of Nevada, the Steen Mountains of southern Oregon, the 
east base of the Walker Range, Nevada, and the White Mountains and the 
Sierra Nevada in California. 

As a mudflow is a comparatively rare event and in any one mountain 
canyon occupies only a fraction of an hour, few people have had the 
opportunity of observing one in action. To Mr. Harry R. Johnson, of 
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Los Angeles, California, the writer is indebted for the following account 
of a mudflow seen by Mr. J. S. Douglas, superintendent of the San 
Emigdio Rancho, about 1905, at the southern end of the San Joaquin 
Valley, in California. 

“Some time before the mudflow made its appearance its dull, heavy roar 
could be heard from up the canyon, quite distinct from and rising above all 
the other noises of the storm, reminding one of the breakers against a rocky 
shore. As it issued from the narrow mouth of the side canyon it was ace 
companied by a cloud of dust, occasioned by the breaking up of huge masses 
of dry soil from projecting points in its rush down the canyon. Through the 
dust glimpses could be had of great piles of drift, with an occasional tree 
turning end over end. After descending about one-half mile from the mouth 
of the smaller canyon, this wave came to a full stop, only to be succeeded 
in a few minutes by another wave, larger and swifter than the first. There 
was no dust with this or any of the succeeding waves, but immense masses 
of rock, many of which must have weighed several tons, were dancing along 
on the surface, apparently as light as corks, supported by the earthy mass 
beneath. This wave extended about half a mile further down the canyon 
than the first, when it also came to a stop, having spread to the full width 
of the main canyon, which is here about a quarter of a mile. In a few 
minutes another wave of mud swept by, followed by others at intervals of a 
few minutes, each succeeding wave getting thinner and traveling with 
greater velocity than the preceding one, until finally, in about half an hour, 
the mass was no longer mud, but a steady rush of yellow, foaming water, 
at first probably a hundred yards wide in the main canyon, but gradually 
reducing in width and increasing in depth and swiftness as it washed out 
a channel in the soft mud. As to the distance of the action of this flow 
and the size of the rocks moved by it, a sandstone boulder carried down by 
it from a point seven miles up the canyon has a height of 8 feet, a length 
of 16 feet, and a width of 12 feet. On the plains about 5 miles east of 
the mouth of the canyon several masses much larger than this one can be 
seen. These also were brought down a canyon by cloudbursts.” 


Mr. Johnson also relates his own observations of a mudflow that was 
much smaller and thinner, but perhaps of a more common kind: 


“The flow originated in a cloudburst on the northwest slope of Midway 
Peak and extended along the larger tributary canyons in a northeast direc 
tion for about 4 miles. Where this main eanyon opens out into the lower 
marginal hills of the Great Valley, the front of the mudflow appeared to be 
a more or less dry mass of brush and rubble, but behind this mass the ma- 
terial grew increasingly more liquid. At the edge of the flatter valley area 
the mudflow began to spread out fanwise, and after gradually freeing itself 
of the heavier material continued to flow out as a slurry, which spread 
itself more or less in the form of mud distributaries. The edge of such a 
flow is very sharp where its encroaching slightly cracked surface apparently 
rolled over the loose gravel of the older surface and solidified in such a 
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way as to form a clearly defined rounded margin directly upon dry, undis- 
turbed pebbles.” (See figure 5.) 


On the west slope of Owens Valley, between Lone Pine and Independ- 
ence, the base of the Sierra Nevada is bordered by an inclined plain, 6 to 
§ miles wide, which has an average slope of about 6 degrees. This plain 
has generally been interpreted as a series of confluent alluvial fans. 
Many observers have noticed with surprise the abundance of huge granite 
boulders on its surface. Blocks 10 to 20 feet in diameter are common 
and several between 40 and 50 feet long have been noted. These are not 
talus blocks that have rolled down from the imposing scarp to the west, 
for many of them stand 4 to 6 miles out from the mountajn base. When 
the inclined plain is closely examined it is found to be far from smooth 
in detail, for it ‘includes curved bouldery terraces having fronts 1 to 4 
feet high. The material in the terraces is almost wholly unstratified and 
unsorted. ° 

These deposits had generally been considered alluvial fan gravel laid 
down by water floods. To the writer, who examined the district in the 
spring of 1925, they seemed much like the mudflows of the Wasatch 
Range, and the whole plain appeared to be a series of overlapping tongue- 
shaped layers produced not by normal water floods, but by mudflows. 
This view was confirmed by Tolman, who in the summer of 1925 was 
in Owens Valley when several new mudflows were formed, and who saw 
their effects within a few hours after the storms that produced them. 
He presented his observations and conclusions in a paper read before 
the Le Conte Geological Club at Stanford University, California, in 1926, 
but this paper has not yet been published. 


GENERAL CHARACTERISTICS 


The best description of desert mudflows that has come to the writer’s 
attention is given by Rickmers.® Under the coined term “mudspate,” he 
describes them in part as follows: 


“The typical mudspate consists of mire charged with a great number of 
rock-splinters and blocks, but sometimes it may be composed almost entirely 
of clean stones ranging in size from a peppercorn to large boulders. M 
As to the limits of definition, they can not, of course, be drawn with 
mathematical precision, being comprised within a wet landslip and a flooded 
torrent overcharged with rubble. 

“When a gentle slope of grit and shingle has been soaked like a sponge 
by rain or melting snows, there may come a time when it bulges out and 
slides off in the manner of a bogburst on Irish moors. Slipping into chan- 


*Idem, pp. 193-197. 
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nels and gullies, this mass is mixed with more water, attains a higher speed, 
and carries away soft material as well as rocks which it finds on its way. 
It is during this descent that the mudspate generally acquires its char- 
acteristic composition, for only by movement can an even mixture of liquid 
and solids be maintained. It is neither dry nor is there much free water, 
but the whole mass appears like a rapid flush of mud, although frequently 
the rock waste is so rough as not to suggest what is popularly called mua. 
Enormous boulders will float in this thick porridge like cork on water or 
iron on quicksilver 

“The typical mudspate track does not, however, readily associate itself 
with the ravine of a permanent or powerful mountain stream, for the simple 
reason that the catchment area and bed of a torrent that works throughout 
the year are already deprived of the bulk of easily shifted material. Operat- 
ing with a minimum of water, the mudspate liquefies itself automatically 
when, during its descent, it has become too thick. Stopping for a while, it 
dams up the water runlet in the gully and then proceeds again, repeating, 
if needs be, the process several times. 

“Intermittent water supply owing to a® dry climate, absence of a strong 
vegetation, and barren mountain flanks reaching up to the snowline are 
the conditions which favor the mudspate as a habitual and periodical 
phenomenon. 

“When not too liquid, the discharge forms a snout or tongue . . . This 
is the lobate shape assumed by all viscous matter, such as snow avalanches, 
glaciers, lava, honey, peat-bogs, and the like. But this happens only when 
the mixture is fairly thick and is allowed to rest on gentle inclines. The 
other extreme is represented by narrow gorges ending in a river which pre- 
vents accumulation. Usually the mudspates build up an irregular cone or 
delta furrowed by one or more characteristic gullies. These are deep and 
narrow trenches with very steep and smooth sides. The sudden gushes 
loaded with angular fragments act like a rapid liquid file, which rakes and 
rasps the channel, at the same time plastering it with mud pressed against 
the wall. Most of the smaller dejections regularly use this gully, which 
also serves as bed to an insignificant or intermittent stream. But many 
downpours miss this chute and large ones overflow it, so that in this way 
a talus is raised. 

“When left to itself on an even slope, the middle of the mud runs faster, 
because there is less friction, while at the sides, retarded by friction, deposi- 
tion takes place, giving rise to an embankment, so that the crawling Levia- 
than builds its own track. It consists of a shallow rill with a welt on 


either side.” 


The descriptions given above indicate that the mudflow of the semi- 
arid mountain canyon is intermediate between the better known land- 
slide and the ordinary stream-flood. There are, in fact, all gradations 
between them; but the mudflow is more closely akin to the landslide 
than to the stream-flood. The mudflow contains just enough water to 
swell the clay colloids, reduce internal cohesion, and make the mass 
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slippery. Pack® cites proof that there was hot enough water in the 
Farmington mudflow itself to cause even a trickle of water away from 
the margin. In most respects the mass behaves much like a lava flow. 
In its ability to carry large boulders on its surface it bears some resem- 
blance to the still more slowly moving glacier. Observers are not wholly 
agreed as to how the mass moves, but the various phenomena indicate 
that it slides or glides over the surface without that internal churning 
that characterizes a rapid stream of water. Irregularities in the base 











FicureE 3.-—Road-cut in a Mudflow near Walker Lake, Nevada 


Shows the bouldery surface and the lack of stratification. The largest boulder is 
about 6 feet long. 


doubtless cause some commotion, but many of them, such as trees, are 
sheared off and carried forward. 

The occurrence of enormous boulders several miles out from the moun- 
tain front may be explained as the result of single outbursts whereby 
the large blocks glide out on a thick layer of mud and come to rest 
as soon as the momentum of the flow is spent. Most of these boulders 
probably never move again, but lie there until decay reduces them to fine 
débris that is readily swept off by floods and winds. 

In alluvial fans, mudflows and stream gravel deposits vary in propor- 
tions. Some fans may contain no mudflows. In most of the fans in 





®*Op. cit. 
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arid regions there is an interlamination of mudflows and washed gravel 
sheets comparable to the interbedding of lava flows and cinder beds in a 
composite volcanic cone. Many alluvial fans, especially those of steeper 
gradient, consist largely of mudflows, which overlap and bury here and 
there sinuous threads of stream gravel. 

Desert mudflows range in thickness from an inch or two to several feet. 
According to my observations, most of them are 6 to 20 inches thick. 
The thinner mudflows are fluid and move somewhat rapidly. They carry 
small stones but not large boulders. The thicker mudflows, many of 














Ficure 4.—Deflated Mudflow on the Edge of a Playa 
The larger stones and the lobate form of the mudflow still remain, but the fine 
material has been swept off by the wind and rain. Coyote Playa, near Barstow, Cali- 
fornia. 


which are 3 to 6 feet high at their edges, are characteristic of the steeper 
fans at the bases of the highest and most precipitous mountains, such as 
the White Meuntains and the Sierra Nevada in California. It is only 
these thick flows that carry the huge boulders. Between the thickest and 
the thinnest flows there are all gradations. The thick and very bouldery 
flows bring less fluid than the others, come to rest more quickly, and 
therefore build the upper part of the fan. The thin and more fluid 
mudflows go much farther out and form distributaries, and many of 
them reach the margin of the playa. Most desert playas are more or less 
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completely margined by overlapping mudflows—a fact that has not been 
generally known until recent detailed studies were made by Ekblaw,’° 
because they were usually so greatly deflated as to be hard to recognize. 

In detail there is much variety among mudflows. The thinner flows, 
which consist chiefly of fluid mud, generally follow the shallow, water- 
worn channels that already traverse the fan. They spread beyond: the 
channels in a series of lobes that suggest the pattern of certain oak leaves, 
the channel representing the midrib. The thin part outside the channel 





Figure 5.—Lobate Edge of a thin Mudflow 

A characteristic thin, fine-grained mudfliow on the east side of the Stillwater Range, 
Nevada. ‘The sharply delimited edge and broad expanse of cracked, sunbaked mud are 
characteristic. 
congeals first and dries, forming the usual polygonal cracks, but the mud 
in the channel continues to move somewhat longer and shrinks con- 
siderably, although likewise forming a superficial crust of dry cracked 
mud. As the more liquid lower part moves on down the channel, the 
surface subsides and longitudinal cracks are formed. In some respects 
the behavior of such a mudflow resembles that of certain lava flows. 

Examination of the site of the Willard mudflow showed that its power 
in the mountain canyon was very great, for the sides of the canyon are 
torn and scarred; but after it issued from the canyon and spread out 


“G. E. Ekblaw: Clastic deposits in playas. Unpublished thesis for Ph. D., Stan- 
ford University, 1927. 





476 ELIOT BLACKWELDER—MUDFLOW IN SEMIARID MOUNTAINS 


upon the plain, its energy must have been quickly dissipated, for it was 
not sufficient to carry the flow to the lower edge of the gravel fan. This 
is typical of most of the mudflows observed by the writer in the arid 
West. 

Where the mud is more viscous and sticky, the sides of the main chan- 
nel are ripped up into a kind of levee, which may be caused by the 
adhesion of part of the mud to the banks of its channel. As only the 











Fieure 6.—Azial Channel of a thin Mudflow 


This rather fluid mudflow, on the east side of the Stillwater Range, was partly 
directed by a shallow stream-cut trench. The mud seems to have continued moving 
in the trench after it had congealed on both sides. (Photograph by Siemon Muller.) 


stiffer mud behaves thus, such levees are confined to steep fans or to 
talus cones. Flows of this kind have been well pictured by Rickmers in 
his description of the mountains of Turkestan, but they may be seen also 
in Nevada and other arid regions. 

Doubtless there are other variations, due not only to differences in the 
character of the mud and in the amount of water but to the steepness of 
the slope and the quantity of material and probably to other causes. 
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Figure 7.—Cross-section of successive Mudflows 


The bouldery mudfiow layers in this alluvial fan alternate with thin beds of water-deposited gravel and sand. A railroad cut 
south of Owens Lake, California. The largest boulder is 8 feet in diameter. 
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The compound structure of alluvial fans has an important effect on 
the underground water supply in its neighborhood. In fans that consist 
largely of mudflows these form impervious layers, which restrain the 
migration of underground water. The only aquifers in such fans are the 
stream-channel deposits of gravel, and as these are narrow and irregularly 
distributed wells not far apart may differ notably from each other in the — 
quantity of water they furnish and in the depth at which water is 
reached. The imbricated structure of the fan also causes local artesian 


flows. 
ConDITIONS Favorinc MupFrLiows 


The conditions that favor the development of mudflows appear to be 
the following: (1) unconsolidated material that becomes slippery when 
wet; (2) slopes steep enough to induce flowage in such viscous material ; 
(3) abundant water; (4) insufficient protection of the ground by forest. 
All these conditions need not be present in equally high degree. A rela- 
tively small quantity of slippery material well distributed through a 
body of cracked but otherwise hard rock may lubricate the entire mass 
and permit flowage. The slope need not be very steep if the material 
and the water supply are unusually favorable. Mudflows may occur 
even in a dry region at times of exceptional rainfall or when snow is 
melting. Thus the excessive potency of one factor may counterbalance 
the relative deficiency of another. 

The ideal material for a mudflow is probably a gravelly or sandy mass 
containing enough silt, clay, or colloidal material to make it slippery 
when wet. If it contains a rather large amount of porous material, 
easily permeable by water, the entire mass will become saturated the 
more readily. In a deposit of coarse, angular talus, flowage is inhibited 
by the lack of lubricating material; but if the slope is steep and the 
quantity of water is sufficient, a flow may occur in sand that contains only 
a small proportion of clay or silt. Such flows have been observed on the 
sandy slopes of the hills between Indio and Garnet Stations, in the 
northern part of the Salton Desert of California. Mudflows occir where 
thick bodies of loose volcanic ash become mixed with plenty of water, 
although the material is generally much coarser than clay. Its high 
porosity probably favors flowage. 

Oversteepened slopes, such as the undercut banks of streams and the 
walls of glacial cirques, are unstable, and, if their material is suitable, 
they are likely to regain a slope of equilibrium through mudflows. Illus- 
trations of this fact are seen at many points along the new mountain 
highways of the Pacific coastal States, where deep excavations have left 
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steep slopes in weak earthy material. In those States the expense of 
removing mudflow débris during every rainy season is large. 

Abundant water is an obvious requirement, but some modifying fac- 
tors must be considered. A region of frequent rains of moderate intensity 
is likely to be densely covered with forest, and the roots of the trees 
reinforce the soil and hold it in place. Again, very heavy rainstorms 
may wash away all the loose earth, so that no mudflows may be formed. 

The most favorable combination of conditions for a mudflow, then, 
appears to be a mass of earthy material permeated with water somewhat 
rapidly but without much excess, situated on an oversteepened slope that 
is not well protected by forest cover. 


Mupritow Deposits IN ANCIENT FORMATIONS 


Lawson"? has noted the apparent rarity of fanglomerates in described 
pre-Quaternary formations, but suspects that some have been overlooked. 
He cites the Gila conglomerate (Pliocene?) of southern Arizona and the 
basal part of the Newark (Upper Triassic) in New Jersey and New 
England. Both of these formations have peculiarities that strongly sug- 
gest the presence of mudflows. Formations in which mudflows pre- 
dominate are widely distributed in the Mojave Desert and in otlier parts 


of southeastern California. These have been best described by Vaughan.’* 
Part of the basal beds of the Wasatch conglomerate (Lower Eocene) in 
western Utah may be of this character, and mudflow beds are probably 
common among the Tertiary formations of Asia and other continents. 
Woodford ** has described a boulder fanglomerate of Miocene age on the 
California coast between Los Angeles and San Diego. After a careful 
analysis of the whole problem, he concludes that the formation consists 
largely of mudflows and probably originated under conditions more or 
less like those now existing along thé western slope of the Wasatch Range 
of Utah. 

Although mudflows are by no means rare in moist regions, their de- 
posits are likely to be removed by rivers and thus redistributed. It is 
therefore believed that they form extensive and thick accumulations only 
in dry regions. If this belief is well grounded, the presence of mudflow 
fanglomerates in ancient formations may be regarded as evidence that 
the climatic and topographic conditions of that time and place resembled 
those of the Great Basin region of today. 





“1A. C. Lawson: Op. cit. 

“=F. E. Vaughan: Geology of San Bernardino Mountains north of San Gorgonio 
Pass. Univ. Calif. Pub., Dep. G, vol. 13, 1922, pp. 319-411. 

#24. O. Woodford: The San Onofre brecai—its nature and origin. Univ. Calif. 
Pub., Dep. G, vol. 15, 1925, pp. 159-280. 
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SUMMARY 


In the mountains of semiarid regions there are occasional heavy rain- 
storms, called cloudbursts, which cause either floods or mudflows. The 
flood sweeps large quantities of washed gravel, sand, and clay, and even 
emall boulders, down to the alluvial fan and spreads them out in radial 
channels. The mudflow acts like a lava stream and forms a solid plate, 
covering part of the fan. The material of the flow is till-like in its lack 
of stratification and sizing. Boulders weighing hundreds of tons may be 
carried on its surface miles away from the mountain front. They are 
not rolled. Mudflows are dominant components of the steepest fans of 
semiarid mountain ranges. Dense forests or extreme aridity are un- 
favorable conditions. On the low mountains, in the driest parts of the 
country, such as western Arizona, there is too little vegetation to permit 
the accumulation of much soil, and the prevalent bare rock and angular 
rubble or coarse sand afford unsuitable material for the formation of 
mudflows. 

Discussion 


JosePH T. SINGEWALD, Jr.: Much of my geologic work has been done 
in mountainous regions that have a semiarid climate, and I have often 


seen the results of mudflows. The description of them by Dr. Black- 
welder and his analysis of the conditions that give rise to them are of 
special interest to me because, as he points out, his paper discusses a 
geologic agent that has received very little attention in geologic literature 
and the significance of which has been inadequately recognized. 

A mudflow that deploys from a side valley or ravine over a broad main 
valley, or over a plain in the form of an alluvial fan, or that becomes a 
part of a fan which is being built up both by mudflows and by torrential 
dumpings, soon loses its diagnostic surface features, so that its real char- 
acter becomes obscured. Because geologists have regarded mudflows as 
an exceptional geologic agent, they have not been on the lookout for them, 
and in places where the evidence has been obliterated or obscured their 
existence has been overlooked. In other places the flow took place under 
such conditions that the origin of the stream of débris is suggested im- 
mediately to the most casual observer. The Slumgullion mudflow near 
Lake City, Colorado, is an outstanding example because of its magnitude 
and its unmistakable character. An excellent description of this flow 
is given by Ernest Howe."*. It flowed about 5 miles westward down 
Slumgullion Gulch to Lake Fork and about three-fourths of a mile north- 


1# Ernest Howe: Landslides of the San Juan Mountains, Colorado. U. 8S. Geological 
Survey, Prof. Paper 67, 1909, pp. 40-41. ? 
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ward down Lake Fork, a descent of 2,600 feet. It dammed the valley of 
Lake Fork sufficiently to form Lake San Cristobal, which has a length of 
2 miles. A magnificent panorama of the flow is obtained from the 
mountain on the west side of Lake Fork above the old Golden Fleece 
Mine.*° 

The greatest mass of mudflow débris that I have seen I had the op- 
portunity of viewing only from a train window. In northwestern Argen- 
tina, on the railroad from Jujuy to La Quiaca, near the station of 
Volcan, the broad valley of the Rio Grande is filled to great depth with 
detrital material, including boulders and rock masses of all sizes, which 
has flowed out of a side valley that joins that of the Rio Grande on the 
west. Unfortunately, the day was rather cloudy and clouds were hanging 
low on the mountains, so that, though I could see some miles up the 
tributary valley over the top of the rock stream, the view to its source 
was obscured.. The deposit was obviously not a sheet-flow; it was a 
stream of unknown length, but a number of miles of it were visible, so 
that it did not represent an alluvial fan or cone; and it was quite distinct 
from a landslide or a rock slide. The stream is so large that it must 
represent the piling up of recurrent flows during a long period. The 
physiographic and geologic conditions near the head of the valley must be 
unusually favorable for the formation of mudflows. I quote from my 
notebook a description of the lower end of the stream in the Rio Grande 
Valley: 

“As it flowed out of a side valley [I use the word ‘flow’ because its shape 
exactly resembled that of a flowing glacier], there was a little back flow up 
the main valley, but the principal movement was down the Rio Grande. 


The upper surface of the mass was convex and sloped down more steeply 
at the end, producing a configuration like that of the end of a glacier.” 


I saw a flow of mud of smaller magnitude, but highly impressive, near 
Sihuas, in the Andes of central Peru, in the spring of 1924. Late one 
afternoon, as we were nearing the town of Sihuas, in the valley of the 
Rupac River, we found the trail blocked by a mudflow that was coming 
out of a small side valley and continuing its course down the Rupac 
Valley. It extended across the river bed to the stream, which it forced 
against the opposite bank. It was too late in the day to attempt to take 
our pack train down the river below the end of the flow and try to work 
our way up along the other side of the valley, so we were forced to make 
our camp there and wait until morning to get across. The Rupac Valley 
is a characteristic valley of a semiarid mountainous region. At this 
point its elevation is about 9,000 feet, and the mountains on either side 


Idem, Pl. XX, B. 





482 ELIOT BLACKWELDER—MUDFLOW IN SEMIARID MOUNTAINS 


rise rather steeply 3,000 to 5,000 feet. The river has a wide, flat bed, 
which is filled only at times of flood, and ordinarily, as on this day, the 
river is only a narrow stream. The slopes of the valley show the physio- 
graphic features that are characteristic of the Peruvian Andes. The 
upper slopes present a mature topography and the lower slopes are the 
steep sides of a recently entrenched river valley. The rocks in the vicinity 
consist of a series of dark shales and slaty shales, into which are inter- 
calated some beds of hard limestone and more beds of quartzite, some of 
which are rather thick. Very little rain falls in the bottom of the valley 
and on the lower slopes of the mountain sides, but local heavy afternoon 
thundershowers are frequent around the summits of the mountains and 
on the upper slopes. Such thunderstorms had raged that afternoon in the 
higher altitudes, but no rain had fallen in the valley. The rain had 
saturated the soil and disintegrated black shale on a steep bench high 
up’ on the mountain until it became soft and plastic enough to flow 
down into the narrower and steeper ravine, which led into the Rupae 
River. The increasing declivity of the lower slope accelerated its move- 
ment, so that it flowed out into the main valley with force enough to 
spread some distance downstream along the gentle grade. The flowing 
material consisted of a black, pasty mud, which carried within it blocks 
and pieces of sandstone that it had engulfed along its course. Its flow 
was not continuous, but came in intermittent waves. The approach of a 
new wave was heralded by the rumbling of the blocks of sandstene that 
were being carried along. As the wave passed the observer the thick, 
viscous mud emitted a crackling sound. The mode of motion of the 
wave suggested the accumulation of the material at some higher point 
until the resistance of the viscous material in front was overcome. In 
this way the resisting material was both overflowed and pushed ahead by 
the advancing wave. The next morning the movement had ceased, and 
there appeared before us a bed of soft, black mud out of which projected 
countless blocks of sandstone. Over the mud trickled small rivulets of 
water, which seemed to result from the thickening and dewatering of 
the mud, though they may have represented the normal drainage of the 
ravine. Our mules were forced across the mudflow without cargoes, 
and we and our equipment were carried across on the backs of our 
Indians, who carefully made their way by treading the projecting blocks 
of sandstone. Later, when we again traversed this trail, the mud had 
hardened and the small stream had cut a new channel in it to its con- 
fluence with the Rupac River. 

The three localities that I have described present the combination of 
conditions which Dr. Blackwelder has set forth as those favorable to the 
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occurrence of mudflows. The Rupac River flow, which I saw in motion, 
consisted of well lubricated earthy material (disintegrated black shale) 
which had suddenly been thoroughly saturated with water. Its move- 
ment started on an oversteepened mountain slope, which was without the 
protection of forest covering, and it flowed down like thick tar, with 
sufficient momentum to carry it well down the valley floor. Dr. Black- 
welder has done good service by calling the attention of geologists to this 
phenomenon and by giving so clear an account of its nature and its 


causes. 
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INTRODUCTION 


During the summer of 1927 N. H. Brown and his son Newton, of 
Lander, Wyoming, and the writers collected many Triassic vertebrates 
from the Popo Agie beds of central Wyoming. Although these speci- 
mens have not yet been fully studied, some interesting features in the 
skulls of labyrinthodonts have been noted. Two specimens, apparently 
of the same species, but of a new genus, show details of the bones of the 
basicranial region that have not before been observed. 

In most labyrinthodonts, as has been pointed out by Case,? there is a 
large amount of cartilage in the walls of the brain case. In the specimens 
here described the lower lateral part of the brain case shows an unusual 
amount of ossification, which was possibly a result of old age rather than 
a generic feature. Details of the basicranial portion will be given in 
a later publication. The present paper describes a remarkably well 
preserved bone, usually called the epipterygoid, and the auditory bones 
articulating with it. 


THE EPIPTERYGOID AND AN UNNAMED BONE 


In one of the skulls (number 527 V. P., University of Missouri) a 
platelike bone is preserved in front of the ascending process of the left 


1Manuscript received by the Secretary of the Society, March 5, 1928. 
*E. C. Case: New reptiles and stegocephalians from the Upper Triassic of western 
Texas. Carnegie Inst., Washington, Pub. No. 321, 1922, p. 21. 
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pterygoid. In a front view (figure 1) it is subcircular in outline, except 
for a broad emargination in the upper edge, and has a slightly concaye 
face. It is about 37 millimeters in diameter and averages about 7 
millimeters thick. Its face is directed upward and slightly outward, 
The outer third of its posterior face is closely applied to the ascendj 
process of the pterygoid. The lower inner edge seems to be fused firmly 
to a thick irregular bone that lies on the concave surface at the union 
between the parasphonoid and the pterygoid. This irregular bone jg 
fused to the base of the ascending process of the pterygoid and is con. 
fluent along its outer edge with the base of that process. In another 
specimen (number 537 V. P., University of Missouri) both bones of the 
pair are preserved and are free in the cavity of the upper surface of the 
parasphenoid and pterygoid, showing no signs of fusion with the adjacent 
elements. On each there is a distinct face for the articulation of the 
platelike bone described above. 


A NEW BONE 


On the inner upper edge of the platelike bone is a small, distinct facet, 
with which a club-shaped bone, directed inward and somewhat backward 
toward the median line of the skull, articulates. At its articular end it is 
subcircular in cross-section and about 7 millimeters in diameter. It is 
about 40 millimeters long and at the free end is expanded into a slightly 
concave triangular face 17 millimeters wide and 19 millimeters high. 
The free end fails to reach the median line by about 15 millimeters. 


Facet FOR ATTACHMENT OF SO-CALLED STAPES 


On the upper outer corner of the platelike bone is a distinct facet, as 
though for the articulation of a third bone. From this facet to the 
large cavity beneath the otic notch there seems to be free passage for a 
rodlike bone, the presence of which is inferred from other evidence. It 
is not preserved in the specimens prepared. 


HoOMOLOGIES OF THE AUDITORY BONES 


The homologies of the bones described are in nowise certain. In his 
studies of the Permian stegocephalians of North America,’ Broom identi- 
fied in Eryops a bone similar in shape and relations to the platelike bone 
here considered, which he describes as follows: 


Robert Broom: Studies on the Permian Temnospondylous Stegocephalians of North 
America. Am. Mus. Nat. Hist. Bull., vol. 32, 1913, pp. 563-595, 
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FIGURE 1.—Croas-section of left Half of a Triassic amphibian Skull 
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“From the inner edge of each ptergoid there passes upwards and inwards 
a well defined epipterygoid bone. The upper part of the bone is a rounded 
rod, which probably extends up to the parietal. Inferiorly the bone be. 
comes much expanded into a wide plate, which lies on the pterygoid, but 
also in part articulates with the parasphenoid.” 


Wiman has identified an epipterygoid in two specimens of Lyrocephalus 
euri,* and Case has found a similar feature in Buettneria,® which he 
describes as “perhaps an ossification of the alisphenoid or orbitosphenoid 
cartilage.” 

The epipterygoid of Eryops, Lyrocephalus, the platelike bone described 
by Case in connection with Buettneria, and the similar bone described 
here are probably in part homologous; that is, it seems likely that in 
all but the present specimen the platelike bone is the complete union of 
the plate and the club-shaped bone. In most of the stegocephalians this 
compound bone probably assumed the position of the normal reptilian 
epipterygoid, which is directed to or toward the parietal. In the speci- 
mens here considered the bones seem to have taken different positions 
and, through their retention as separate units, to have performed an 
entirely different function. 

According to Wiman and others, a slender, rodlike-bone has been found 
lying free in the tympanic cavity of some specimens. This bone has been 
commonly called the stapes, or columella auris. It may well have fune- 
tioned as a stapes, but there is some doubt as to its homology with the 
stapes of the mammals, as has been indicated by Broom in his study 


of Dicynodon.® 


PROBABLE FUNCTION OF THE AUDITORY BONES 


If we interpret the evidence correctly, the Triassic amphibians, al- 
though they were large, were rather helpless in combat. Apparently, 
they had no means of defense, either in speed for escape or in weapons 
to be used against the larger phytosaurs, with which they were in more 
or less intimate association, but were dependent for safety entirely on 
concealment. As their eyes were on the top of the skull, and they had 
to look almost directly upward, these large amphibians were more than 
ordinarily dependent on their sense of hearing for warning of approach- 
ing enemies. As the average auditory organ of the Triassic labyrintho- 


*Carl Wiman: Uber die Stegocephalen aus der Trias Spitzbergens. Bull. Geol. Inst. 
Upsala, 13, 1914, pp. 1-34. Neue Stegocephalenfunde aus dem Posidonomyaschiefer 
Spitzbergens. Bull. Geol. Inst. Upsala, 13, 1916, pp. 209-222. 

5 Op. cit., p. 18. 

*R. Broom: On the structure of the internal ear and the relations of the basicranial 
nerves in Dicynodon and on the homology of the Mammalian auditory ossicles. Proc. 


Zool. Soc. London, 1912. p. 420. 
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donts was insufficient for their needs, it seems likely that some of them 
developed a highly efficient though crude auditory apparatus, in which 
the chain of three bones here described reached from the tympanic mem- 
brane directly to the central nervous system, much as is indicated in 
figure 2. 

There is no evidence, however, that the chain of ossicles in the ear of 
the mammals had this origin. It seems well established that the mam- 
malian chain originated in the way outlined by Gaupp‘ and others. The 
arrangement here described seems to have been an independent make- 
shift, made up of bones that were in part lost in other forms and in 


part utilized in other ways. 


7H. Gaupp: Die Reichertsche Theorie. Arch. Anat, u. Phys., Suppl., 1912. 
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Figure 1.--Block Diagram of the Palestine Plateau and Dead Sea 
Showing the actual surface relief in a generalized form and the major ramp on which the plateau has been raised, according to 
the view developed in studying the structural facts in the field. 
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ADVANCED SUMMARY 


The Dead Sea problem relates to the origin of the profound trough. 
Is it an effect of tension in the earth’s crust? or of compression? or of 
failure of support beneath the depressed strip? or of some combination 


of these conditions ? 

In attempting to answer this question the physiographic and struc- 
tural facts observed in Palestine, Transjordania, and Syria, are pre- 
sented and discussed, pro and con. 


‘Manuscript received by the Secretary of the Society, March 26, 1928. 
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It is found that the late Tertiary and Pleistocene history of the region 
comprises three epochs, namely, an earlier epoch of folding indicative 
of moderate compression at shallow depth; an epoch of erosion to a 
landscape of advanced maturity, designated the Judean matureland; 
and a later epoch of compression in a much deeper horizon, which re- 
sulted in deep-seated shearing and upthrust. The actual features of 
relief have resulted from the later compression. 

The Palestine and Transjordan plateau present arched surfaces or 
swells caused by vertical protrusion of solid rock-masses in consequence 
of deep-seated horizontal shortening. 

The cliffs that wall the Dead Sea trough are due to upthrust faults 
or ramps produced by deep-seated shearing. ‘They are conceived to have 
originated beneath the Palestine and Transjordan plateau and to curve 
upward toward a vertical attitude. The plateau blocks have risen on 
them. 

The Dead Sea block, the mass beneath the trough and spreading be- 
yond it, has been pushed down by overloading and pressure on the ramps. 

The source of pressure is found to have lain to the west of the masses, 
because the effects are more intense in Palestine and Syria than farther 
east, in Transjordania and Arabia. If the dynamic origin be so 
situated, it follows that the Dead Sea block has been pushed eastward 
as well as downward and is thrust under the Transjordan block. 

The major thrust, or sole, on which the deepest movements have oc- 
curred, was favorably conditioned by temperature and strain to promote 
melting, and movement was accompanied by the extrusion of the basalt 
flows from beneath the overloaded Dead Sea block. 

The peculiar manner in which the Palestine, Transjordan, and Syrian 
blocks are thrust over on the Dead Sea block suggests that the latter 
is a rigid mass which was originally distinct from the others. It may 
not improbably be a large, flat-topped intrusion and the others may be 
segments of its cover. The mechanics of the displacements are best 
satisfied by these assumptions. 

The earthquake of July 11, 1927, afforded evidence of actual com- 
pressive stresses pervading the Palestine and Transjordan masses. The 
seismic history of the last 3,000 years indicates that the structures are 
exceedingly active. 

The following article is based on a reconnaissance carried out during 
part of July and August, 1927, as one of a group of studies comprised 
within a program of research in comparative seismology which is being 
executed under the auspices of the Carnegie Institution of Washington. 

I am indebted to the officers of the British Administration in Pales- 
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tine for the courtesy with which they promoted the objects of this purely 
scientific investigation, and I take great pleasure in acknowledging my 
special obligations to Mr. George S. Blake, Government Geologist, who 
opened the book of Palestine geology to me and gave me freely from 
his intimate knowledge of the facts. 


DEFINITIONS 


In order to avoid misconceptions, it is desirable to define the mean- 
ing of certain significant words as they are used in this article, there 
being more than one interpretation or connotation possible. 

Escarpment: Steep face of a plateau or mountain, including cliffs, 
benches, and talus slopes.; no genetic significance. 

Fault: Displacement of masses along a plane of parting, without dis- 
tinction of cause. 

Fault-scarp: Declivity which coincides throughout some notable por- 
tion of its extent with a fault-plane; nothing implied as to how the 
scarp has been exposed. 

Flerure: Warped surface of the ground as shown by a peneplain or 
matureland, or the monoclinal bend of a stratum; usually connotes 
rather gentle curvature. 

Fold: Pronounced bend or one of a sequence of bends produced in 
strata by compression directed in the plane of the bedding; confined to 
the deformation of stratified masses; does not apply to distortion of 
mass or surface form by shearing. 

Graben: Depression produced by subsidence of a strip between normal 
faults, as originally defined by Suess. 

Matureland (new term): Eroded surface in a mature state of sculp- 
ture, qualified as vigorous, advanced, or subdued, according to the stage 
of development; a subdued matureland approaches a peneplain in flat- 
ness of relief. 

Ramp (new term): Upthrust, a compression fault, connoting a high- 
angle attitude in part at least; the opposite of rift. The word may 
also be used as a verb—to ramp, to thrust up. 

Ramp valley (new term): Valley produced by the ramping or up- 
thrusting of two masses, one on either side of the intervening strip 
(figure 5). 

Rift: Displacement due to gravitative subsidence (Gregory, Great 
African Rift valley). 

Rift valley: Valley produced by subsidence of a strip bounded by two 
parallel rifts (Gregory) (figures 1 and 4). 
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Swell: Arched surface or upwarp ; connotes the criteria of recognition, 
a warped peneplain or matureland, and also the action of upswelling in 
the underlying mass. 


INTRODUCTION 


The Dead Sea and Jordan Valley occupy a deep hollow which ex- 
tends north and south about 50 miles east of the Mediterranean and is 
continued southward by the Wadi Araba and the Gulf of Akaba to the 
Red Sea. The total length of the trough is about 400 miles and the 
width varies from 10 to 25 miles, measured between the escarpments 
of the adjacent plateaus. On the west is the Palestine plateau. On 
the east is the Transjordan plateau, which extends eastward into the 
great plateau of Arabia. The narrow deep thus lies between two ex- 
tensive highlands. The Dead Sea itself is 10 miles wide and 50 miles 
long. The opposed escarpments facing each other across it are pre- 
cipitous and parallel. 

In describing the structure it will be convenient to recognize three 
blocks or distinct masses: the Palestine block, the Dead Sea block, and 
the Transjordan block. 

The western portion of the Palestine block lies beneath the Mediter- 
ranean. Its surface rises from beneath the sea and is extended in the 
coastal plain of ancient Philistia. It then arches up to form the 
plateau of Palestine and slopes down toward the Dead Sea and Jordan 
Valley. 

The Dead Sea block lies in part beneath the waters of that deep and 
lifeless sea. Toward the south its surface rises to the sill that sepa- 
rates it from the Wadi Araba. Toward the north it underlies the 
Jordan Valley and spreads out east and west. 

The Transjordan block resembles the Palestine block in plateau char- 
acter. Its surface extends eastward from the escarpment that over- 
hangs the Dead Sea and, rising gently, forms an arch similar to that 
of the plateau of Judea. This is the Transjordan plateau. Thence 
eastward it descends slightly to rise again in the broad uplands of 
Arabia. 

The differences of elevation of the surfaces of the three blocks are 
considerable. The two plateaus of Judea and Transjordania reach 2,600 
feet above the sea along the north-south axis of either arch. The’ sur- 
face of the Dead Sea is 1,200 feet below the Mediterranean level, and 
the deepest sounding in its trough reaches 2,600 feet below sealevel. 
The total relief from the bottom of the Dead Sea trough to the crest 
of the arches on either side thus exceeds 5,0C0 feet. 
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The picture is not complete unless we emphasize the feature which 
has astounded all travelers who have been fortunate enough to stand on 
an escarpment overlooking the Dead Sea and to look across-it to the 
other wall. It is a most impressive gap in the earth’s crust. From 
the edge of the plateau, cliff and talus descend steeply toward the Dead 
Sea, as in the walls of the Grand Canyon of the Colorado; but the 
walls are straight rather than buttressed or spurred. The two sides 
of the gap face each other in remarkable parallelism. The immediate 
impression is that a block has dropped out, and it is difficult to consider 
alternative explanations with the impartiality which scientific interpre- 
tation demands. 


Various INTERPRETATIONS OF THE DEAD SEA TROUGH 


In the relatively stable and more humid lands of Europe and east- 
ern America, valleys suggest erosion. If a geologist, limiting inter- 
pretation to that agency, should follow the Jordan from its source, be- 
tween the Lebanon and Anti-Lebanon ranges, southward, he might 
retain the idea of an eroded valley at least as far south as the Sea of 
Galilee. Beyond that, however, the width and straightness of the de- 
pression might raise reasonable doubts, and on arriving at the Dead Sea 
he would find it impossible to interpret the escarpments as effects of 
erosion. Apart from the fact that he would be below sealevel, and 
therefore below the level at which the streams could continue to work, 
he would be obliged to recognize the disproportion between the magni- 
tude of the valley and the size of the river. He would be even more 
impressed with the slight effects which erosion has been able to accom- 
plish in carving the steep walls, as contrasted with the very great task 
implied in the excavation of the trough. The Dead Sea trough is 
clearly not erosional. It has been attributed to a faulting ever since 
the days of von Buch, according to Robinson.* Hitchcock * inferred 
the existence of a fault on the basis of descriptions from missionaries, 
and geologic] observers without exception have agreed to the tectonic 
explanation. 

Lartet * (1877) and Hull*® (1886) adhered to the idea of Hitchcock, 





?Edward Robinson: Biblical researches in Palestine, Mt. Sinai, and Arabia Petra, 
vol, ii, 1841, p. 673. 

%Edward Hitchcock: Notes on the geology of several parts of western Asia, 
founded chiefly on specimens and descriptions from American missionaries. Reports 
of the Assoc. of Am. Geologists and Naturalists, 1840-42, 1843, p. 372. 

*L. M. H. Lartet: Exploration geologique de la Mer Morte de la Palestine et de 
l'Idumée, Paris, 1877. A 

5’ Edward Hull: The survey of western Palestine, with special reference to the 
mode of the formation of the Jordan-Arabah depression and the Dead Sea. 1886. 
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that the depression was developed along a main fault of the usual normal 
type. 

In his comprehensive and intensive study of the literature of geology 
and geography, as well as through his contacts with travelers, Suess ob- 
tained a general idea of the features of the Dead Sea trough and of 
the similar troughlike valleys of Africa. His genius for correlating 
and connecting tectonic lines led him to infer the continuity of the 
sequence of valleys that extends from northern Syria to southeastern 
Africa, and he described it as a dominant lineament of the earth’s crust.* 
It seems probable that the continuity has been overstressed. The Dead 
Sea trough and the Gulf of Akaba merge into the basin of the Red 
Sea. The lines are traced through Abyssinia only on slender grounds 
of reconnaissance work, and the great features which constitute the 
so-called eastern and western African Rift valleys are neither strictly 
continuous topographically nor certainly attributable to identical causes, 
In view of the differences of opinion which have developed regarding 
them, the cautious student may well refrain from accepting the compre- 
hensive generalizations that have been built on Suess’s initial inferences, 

Furthermore, it is well known that the philosophy with which Suess 
approached the problems of tectonics was controlled by the feeling that 
the universal force of gravity is the dominant force which finds expres- 
sion in dislocations of the earth’s crust. He has told me in personal 
conversation that he could not conceive of any internal action of the 
earth powerful enough to counteract gravity. He cited the subsidence 
of the Viennese basin as an example by which to interpret the sink- 
ing of the ocean basins and continental margins. This view has been 
expressed in the Antlitz de Erde in the negation of a force capable of 
uplifting mountain masses vertically. He adhered to this opinion to the 
last, although it obviously is contradicted by physiographic evidence, and 
when Davis’s discussion of the subject’ was brought to his attention 
he replied that he could not enter on the problem, in view of his ad- 
vanced age and the importance of finishing the task which he had under- 
taken. It would be ungenerous to call attention to this weakness in the 
philosophy of one to whom geology owes so much, but his views have 
had a direct bearing on the problem under discussion. Geologists, taught 
that subsidence along faults is a common phenomenon, have not been 
critical in examining the criteria by which to determine whether they 
had to deal with a case of a sunken block or of upthrust plateaus. The 





*Edouard Suess: Antlitz der Erde, Band 3, 2 Halfte, 1909, S. 304-321. English 
translation; Face of the earth, vol. iv, 1909, pp. 268-286. 

7W. M. Davis: The bearing of physiography upon Suess's theories. Am. Journ. 
of Sci., vol. xix, April, 1905. : 
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surface features of the two cases are very similar and can be dis- 
tinguished only by unbiased investigation of the related physiographic 
and structural phenomena. 

The work of Blanckenhorn on Syria and Palestine * is the best refer- 
ence for information regarding the distribution of geologic formations 
which I have found available. It has not been possible, however, to 
verify his interpretation of the structural geology. He regards the 
Palestine block as a Schollengebirge, or mountain mass separated into 
many minor blocks by normal faults. Field examination with his map 
in hand showed that a slight change in dip of the generally horizontal 
strata had been sufficient to suggest a fault, and that the continuity of 
the strata could be determined across the lines of some assumed faults. 
To be specific: the destruction of a portion of the city of Nablus by the 
earthquake of July, 1927, led me to expect to find a fault in the vicinity 
of that city. Blanckenhorn shows one running north and south im- 
mediately east of the town, in a position where it would have satisfied 
the requirement for some cause of the intense earthquake action. I ac- 
cordingly looked for it with anticipation, but found the Senonian chalk 
extending without break across the line indicated on his map. The only 
suggestion of a fault is a steep dip in the Turonian-Cenomanian, Seonian, 
and Eocene formations, a couple of miles farther north, in the line of the 
supposed fault; but even there the sequence is unbroken. In another 
case Blanckenhorn shows a fault as the boundary between the lime- 
stone of the plateau and the Mediterranean coastal plain, where the 
gentle slopes and sinuous outline of the plain negative the assumption. 
I was obliged to conclude that the assumption of normal faulting, which 
runs through his work, seriously vitiated the value of his observations on 
structural relations. The Palestine plateau is faulted and sometimes 
normally to a slight degree, but it is not rifted into numerous blocks. 

Gregory has identified himself with the African Rift valleys and with 
the elaborate hypothesis of tension and eruption by which he explains 
them. His very readable descriptions have made his views known to 
many who would not follow a more critical discussion. The chronology 
of his works extends from 1894° to 1921” and may be assumed to 





8M. Blanckenhorn: Syrien, Arabien und Mesopotamien. Handbuch der reg. Geol., 
Heidelberg, 1914. 

Ibid.: Entstehung und Geschichte des Toten Merres. Zeitscher. d. Deutsch. Palx- 
stine-Vereins xix, 1896. 

®J. W. Gregory: The Great Rift Valley, being the narrative of a journey to Mount 
Kenya and Lake Baringo, 1896. 

*Tbid.: The African Rift valleys. The Geographical Journal, 1920. 

Ibid.: The Rift valleys and geology of East Africa, an account of the origin and 
history of the Rift valleys of East Africa, etc., 1921, 
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represent matured observations and opinions. As such, they invite the 
most serious consideration. I quote from the latest: publication, that 
of 1921, in which there is very convenient summary of conclusions, but 
it is possible here to include only a small part of the author’s discus- 
sion: 

“The Great Rift Valley was formed by the subsidence of strips of the 
earth’s crust between parallel faults” . . . (page 357). 

“This fault-formed valley is continuous from Palestine to S. of the Zambesi, 
except for about 80 miles in Southern German East Africa” . . . (page 
357). 

“The history of the Rift Valley begins in Upper Cretaceous times, when 
a belt of highlands was formed throughout Eastern Africa by either the 
uplift of the pre-Paleozoic foundation or the subsidence of the land on either 
side; the formation of this raised tract was accompanied by the outbreak 
of volcanic activity in Palestine, etcetera (page 358). 

“The Rift Valley is bounded by faults which have been proved to occur 
in so many parts of its course that they probably bound the whole length. 
These faults are normal, except for a reverse fault described by Dr. Hume 
at the oilfield of the Gulf of Suez, and a doubtful record near Lake Manyara. 

“In contrast to the powerful faulting along the Rift Valley folding has 
been slight and gentle. The dip of the beds and the slope of the ground 
away from the valley on each side indicate that a broad flat arch once stood 
over it. Occasionally the beds have steeper dips, but they are exceptional, 
and are not due to folding but to blocks being tilted. 

“With the exception of one reverse fault there is no evidence along the 
Rift Valley of the reverse faulting and intense folding which accompanies 
mountain formation by lateral pressure. The floor of the Rift Valley con- 
sists of rocks whicly have been lowered between parallel faults” 

(page 358). 

















a i tl 








in catia 
FicurE 2.—Diagram of a Rift Valley 
“A Rift valley is a valley produced by the subsidence of a strip bounded by two 


parallel faults” (Gregory). In the absence of a datum plane, the alternative of sub 
sidence of B, or uplift of A and C, or displacement of all three is indeterminate. 


A careful reading of Gregory’s articles on the Rift valleys indicates 
an evolution of ideas. His first statement, “the Great Rift Valley was 
formed by subsidence of a strip of the earth’s crust between parallel 








y two 
f sub- 


cates 
was 
rallel 


VARIOUS INTERPRETATIONS OF DEAD SEA TROUGH 499 


faults,” does not suggest any cause. It presents the case shown in fig- 
ure 2. There being no datum to which the movements of the blocks 
A, B, and C may be referred their relative displacements may have been 
anything one wishes to assume and may have been caused by any force 
or combination of forces that imagination suggests. In later passages 
Gregory suggests tension and the idea of a sunken keystone (figure 3). 
Tension implies swelling and consequent stretching of the earth’s outer 
skin. A mass is intruded beneath the surface, as a laccolith, or is pushed 
up in consequence of internal shearing, and the overlying strata must 
elongate in adjusting themselves to the required curve. The phenomena 
are not uncommon, but it is difficult to conceive how the stretching can 
be concentrated in the region of the keystone or how the latter could 


eens. 


Fiecre 3.—-Diagram of the Keystone Hypothesis 


The Keystone hypothesis: In consequence of the uparching of the surface, tension 
has developed and the keystone has dropped in. 


drop in against the uplifting pressure. The usual case is shown in 
figure 4, which represents an upwarped surface flanked by normal faults 
that extend down toward the adjacent basins. 

Again, it is suggested that the subsidence of the supposedly sunken 
strip was caused by the outflow of molten masses and the consequent 
failure of support. Basins due to eruption of deep-seated melts are 
probably very important features of the earth’s surface and volcanic 
outflows are conspicuous in the Rift zone. It is not clear, however, 
how the long, narrow form of the typical Rift valley can be related to 
the molten mass which the sunken block is supposed to replace. An 
irregular depression would be a more probable result, unless some un- 
known condition directed the rifting. It was, possibly, the recognition 
of this requirement that led Gregory to the extreme theory with which 
the idea of the Rift valleys has become associated through his writings. 
I refer to the hypothesis that the faulting may have been connected with 
great regional disturbances in the eastern hemisphere, namely, “the 
foundering of the Indian Ocean in the Upper Cretaceous and the move- 
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ments which raised the Alpine-Himalayan Mountains between the 
Oligocene and Pliocene” (see pages 366-377). 

The detailed accounts which have been prepared by careful observers 
in various distinct districts of the Rift zone present a variety of facts, 
They indicate unlike developments and suggest that the real explana- 
tions may be more or less dissimilar for different valleys. When we con- 
sider how very long is the stretch from Syria to southeastern Africa, 
how complex the local structures are known to be, even with our frag- 
mentary knowledge of them, and how diverse must have been the stresses 
developed in so vast a segment of the earth’s crust, we may well hesitate 
to generalize. 

It is also true that Gregory’s views are not accepted without question 























———— 
FiGurRE 4.—Section of a Horst 


Section of a horst—that is, a mass which is elevated by vertical forces and is 
bounded by normal faults that slope down toward the adjacent basins. A common 
occurrence outside of zones of superficial, horizontal pressure and presumably due to 
deep-seated compression. 


by some of the official geologists in charge of surveys in East Africa; 
for instance, by Mr. E. J. Wayland, Geologist for Uganda. 

Wayland’s ** published views are in direct opposition to Gregory's. 
He presents the facts relating to the Lake Albert rift in a concise 
summary of the historical geology and structural facts. He states the 
“tension theory” of Gregory and gives his opinion that the features 
of the Albert rift are effects of compression. His conclusions are in 
part as follows: 

“Professor Gregory’s conclusion that African Rift Valleys are directly due 
to faulting is upheld in the Lake Albert region by a study of the geology 
of that area. 

“The recent work on the geology of the country in the vicinity of Lake 
Albert favors views which are not in accordance with Gregory's tension 
theory. 


uE. J. Wayland: Some account of the geology of the Lake Albert Rift Valley, 




















on 








VARIOUS INTERPRETATIONS OF DEAD SEA TROUGH 501 


“The compression theory proposed by the author is capable of explaining 
the facts as yet known. . . . 

“Consequences of the compression theory are the suppositions that the 
faults actually separating the relatively depressed country from the rest are 
normal gravity faults, while the Rift faults buried beneath them are re- 
yersed” . . . (page 359). 


This excursion into the geology of Africa may not appropriately be 
prolonged. It is pertinent to a discussion of the Dead Sea problem only 
because the continuity of the Rift valleys from Syria to the Zambesi 
has been stated in explicit terms and the interpretation of any part of 
the structural zone involves some consideration of the whole. 


THE PROBLEM 


The problem presented by the Dead Sea trough has been stated as 
a subtitle to this article in the phrase “Rift Valley or Ramp Valley.” 
Rift valley is used, in the sense established by Gregory, to designate a 
depression formed by the subsidence of a strip of the earth’s crust be- 
tween parallel faults. The idea of tension by uparching is implicit in 
the term rift, but it is not a necessary connotation. Withdrawal of ma- 
terial from below is an alternative which is accompanied by tension due 
to downbending and also is characterized by normal faulting. Rifting 
does, however, exclude any possibility of contemporaneous compression 
in the same zone and the same direction. Gregory especially emphasizes 
the absence of folding in the African Rift zone. 

Ramp valley is a new term, which is here introduced to describe a 
trough that has been produced by the upthrust of two masses form- 
ing escarpments which face one another across the intervening low- 
land. The essence of the idea lies in the upthrusting of the plateaus. 
The intervening strip may have remained stationary, or may have been 
elevated to a minor extent, or may have been depressed, but the major 
relief of the surface results from the rise of the lateral masses on up- 
thrust faults. 

It seems desirable to select a specific term by which to describe what 
has been called an upthrust fault, and for this the English word ramp 
seems most appropriate. Used as a verb, it means to rise, with a con- 
notation of climbing up. As a noun it signifies a rising passage or 
gradual ascent, and is thus applied both in architectural and military 
terminology. The French word rampe is used in the same senses. As 
regards the inclination of the rising surface, the meanings are unre- 
stricted. The word applies to a gradual slope and equally to a surface 


which curves upward to a vertical attitude. Nevertheless, in introduc- 
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ing it as a substitute for the term upthrust, I would be inclined to keep 
the distinction between upthrust, meaning a high-angle reverse fault, 
and overthrust, meaning a low-angle reverse fault. I think ramp as a 
geologic term will be most useful if it connotes a thrust which emerges 
at the surface with a steep dip. 

Ramp is further associated with the idea of compression, since it is 


only by a compressive stress that the lateral masses could be forced up. , 


Two opposing ramps should diverge from one another downward, and 
the mass between and beneath them should have the form of an in- 
verted keel. These conditions are the antithesis of the connotations of 
the terms rift and keystone. 

I approached the study of the Dead Sea problem in the field with the 
feeling that the evidence presented in such descriptions as I had read was 
inconclusive, because the character of the faults was assumed rather than 
demonstrated. I hoped to find collateral facts connected with the de- 
velopment of the great escarpments which would determine whether 
they had been pulled apart or pushed together. I weighed the evi- 
dence as it accumulated, for and against rift and ramp. The issue 
was long indeterminate, but I eventually became convinced that the 
faults which separate the Dead Sea block from the Palestine and Trans- 
jordan blocks are upthrusts, or ramps. 


USE OF PHYSIOGRAPHIC FEATURES 


In the interpretation of structural features physiographic facts are of 
material significance, especially where the structures are of Tertiary or 
Pleistocene development and are therefore to be seen in the landscape. 
This is the case in Palestine. Eocene strata are involved in the major 
anticlines and faults, which are therefore of post-Eocene age. Miocene, 
Pliocene, and Pleistocene strata lie about the bases of the uplifts, demon- 
atrating the activity of erosion and deposition in the areas which were 
appropriately situated during those periods. The occurrence of violent 
earthquakes during historic times proves that movements have not yet 
ceased. Thus the history of structural development covers several 
geologic periods. It was presumably not a simple, continuous process, 
but in all probability was interrupted by one or more pauses in the ac- 
tivity. If so, the record is to be read in the corresponding develop- 
ment of successive physiographic features during the various stages as 
defined by the dominance of uplift over erosion or of erosion over up- 
lift, in alternation. 

This reasoning is so important in its bearing on the interpretation 
of modern structural features in general and it applies so directly to the 
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evidence observed in Palestine, Transjordania, and Syria, that it seems 
desirable to illustrate the argument by certain well known examples. 

The Appalachian Province of North America afforded the oppor- 
tunity for the first application of the physiographic method of inter- 
pretation by American geologists. Davis’s discussions of river develop- 
ments in Pennsylvania and New Jersey were epoch-making.** They 
showed that a surface of erosion, a peneplain, could be used as a 
stratigraphic horizon is used, to determine the changes of level or dis- 
location which it has suffered. The basic assumptions in thus using 
a peneplain as a datum are the same as those which apply to a sedi- 
mentary stratum. The latter is laid down on a gentle slope under 
water; the former is graded to a gentle slope rising’ from the water’s 
edge. In both cases there is a datum plane which could have de- 
veloped only in a definite relation to the water surface. When found 
above or below that level, the change of position indicates deforma- 
tion, and the amount of change shows the amount of deformation, while 
the form of the warped or dislocated surface demonstrates the struc-. 
tural development. 

Hayes and Campbell applied these criteria quantitatively to the ac- 
tual Appalachian Mountains and showed that they present a broad, 
domelike surface which is of much later development than the anti- 
clinal and synelinal folding of the strata within the ranges.** The 
folding was caused during the late Paleozoic. The doming has oc- 
curred since the early Tertiary. Thus the two deformations belong 
to different orogenic periods, and between them lies the prolonged era 
of erosion which resulted in widespread peneplanation. The peneplain 
records the work of that era and the condition of diastrophic inactivity 
which prevailed along the Atlantic seaboard from Triassic to Miocene 
times. The sequence is a characteristic feature of the post-Paleozoic 
North Atlantic record. 

In attempting to apply this mode of reasoning to conditions as they 
exist in lands bordering the Pacific and Mediterranean, I have found 
it necessary to recognize less complete planation in landscapes nuw 
elevated above their natural level of erosion or depressed below it. A 
peneplain of the Atlantic type is not developed there; mature land- 
scapes, on the other hand, are. This fact is consistent with the relative 
recency of the activity which has raised the actual cordilleras sur- 





2 W. M. Davis: Rivers and valleys of Pennsylvania. Nat. Geog. Mag., vol. i, 1889, 
pp. 183-253. 

Ibid.: Rivers of New Jersey. Nat. Geog. Mag., vol. ii, 1890, pp. 81-110. 

83C, W. Hayes and M. R. Campbell: Geomorphology of the Appalachians. Nat. 
(ieog. Mag., vol. vi, 1894, pp. 63-126. 
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rounding the Pacific and the mountain ranges that follow the sinuous 
margins of the European basins. In these dynamic realms a com- 
paratively modern orogenic period is represented. Although the move- 
ments have not been continuous, the epochs of comparative inactivity 
have been relatively short and the work of erosion has usually pro- 
gressed to an advanced mature stage only. Where peneplains have 
been developed in areas of active modern mountain growth they are of 
limited extent and are dominated by more extensive areas in which the 
topography is mature. 

Before I realized the difference in development of the topographic 
features in the Pacific provinces as contrasted with the Atlantic, I 
applied the term peneplain to certain old landscapes existing in the 
western United States.'* The term has been similarly used by Diller, 
Lindgren, and others in describing the Sierra Nevada. Peneplain 
has been a convenient word and the only one in use by which to desig- 
nate an old landscape. Strictly speaking, however, it applies only to 
that stage of topographic development which is described as old age 
and should be used only when the ancient surface was almost a plain. 
There are many old landscapes which do not conform to that descrip- 
tion. They present too marked & relief. “Peneplain” is a misnomer 
when applied to them. Their stage is that of more or less advanced 
maturity, not of old age. 

I propose matureland as an appropriate substitute for peneplain in 
such cases. The term may be used to designate a landscape in any 
stage of maturity—vigorous, advanced, or subdued. It may be used 
to describe the character of the old topography, no matter what posi- 
tion the surface may occupy, whether at its natural grade of erosion, 
swelled above it, or sunk below it. The surface may have been bent 
in a monoclinal flexure or arched to an anticlinal form. Its attitude 
might thus be described by the use of terms which are applied to strata. 
In the interest of clearness, it is, however, desirable to restrict the 
application of words ending in clinal to the structural forms of bedded 
rocks, and they are not used in this paper in connection with topographic 
surfaces. 

Being an effect of erosion which requires time, a matureland is younger 
than folds or other structures across which it is cut. On the other hand, 
it is older than any movements by which it may have been warped or 





4G. O. Smith and B. Willis: Contributions to the geology of Washington. U. 8. 
Geol. Surv., Prof. Papers —. 

B. Willis: Physiography of the Cordillera de los Andes. Proceedings Int. Geol. 
Cong., Toronto, 1912. 
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dislocated. In these relations it has the same significance as a peneplain, 
but represents a less complete process of erosion. It stands for an in- 
terval of time which lies between two episodes or epochs of orogenic 
movement, and thus affords a time datum with reference to which other 
developments may be distinguished 

It has seemed desirable to introduce this discussion of the use of 
physiographic data in structural interpretation because the method is one 
which yields very valuable results when employed with appropriate cau- 
tion and yet is not generally practiced by either American or European 
geologists. We may now return to the consideration of the phenomena 
as presented in the region under discussion. 

In the plateaus of Palestine and Transjordania and also in the moun 
tains of Syria, the features of two topographic cycles may be clearly 
recognized. The later of the two is represented by ravines or canyons 
which are sharply incised in the surface of a much older matureland 
that developed during the earlier cycle. The rugged aspect of the youth- 
ful topography may be observed in any of the gorges cut by consequent 
streams in their descent from the plateaus of Palestine or Transjordania 
to the level of the Mediterranean or the deeper trough of the Dead Sea 
and Jordan Valley. The traveler is impressed by the savage aspect of 
the landscape, as he rides on the railway from Lydda up to Jerusalem. 

The matureland, on the other hand, is best observed in the broad 
plateau between 2,000 and 2,500 feet above sea, either in Palestine or 
Transjordania. It is a very extensive surface, which corresponds with 
the ancient province of Judea. It may therefore be called the Judean 
matureland. The name, however, should not be restricted to Judea itself, 
but may be applied to the same surface, so far as it can be traced be- 
yond Palestine in Transjordania and in Syria. 

Thus defined, the Judean matureland becomes an important reference 
surface. It can be traced by its characteristic topographic features over 
the entire area covered by this study and presumably extends farther 
into Asia Minor and Arabia. 

We shall see that the orogenic history of Palestine since the early 
Tertiary comprises the following episodes: (1) post-Eocene episode of 
orogeny, which affected Eocene and Cretaceous strata and the basement 
rocks; (2) subsequent erosion to a mature phase of topography, result- 
ing in the Judean matureland; (3) warping and displacement of the 
Judean matureland, with the result that the Palestine, Transjordan, 
and Syrian highlands have been raised as arches or swells, while the 
Dead Sea and Jordan sections have been depressed ; (4) contemporaneous 
with 3, the growth of the youthful features of the topography which 
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are now evident in the slopes of the matureland and in the escarpments 
which displace it. 


STRUCTURE AND RELIEF 


The structure of the Palestine and Transjordan plateaus is seemingly 
simple. The rocks are distinctly stratified limestone and sandstone and 
the general attitude of the strata appears to conform to the gentle slopes 
of the plateaus. The casual observer may readily conclude that the 
topographic surface is completely controlled by the structural form, and 
that its generally level character is due to the stripping of soft beds from 
hard beds without regard to their altitude above sea at the time of 
sculpture. This appearance, which is actually the fact over large areas, 
is due chiefly to wind erosion. As is well known, the sweeping action 
of the wind will remove an incoherent stratum from a firmer one with- 
out materially attacking the latter, and the topographic surface thus ex- 
posed is obviously controlled by structure. 

One of the best sections in which to observe the relation of structure 
and relief in Palestine is to be found along the road which crosses the 
Palestine plateau from the Mediterranean to the Jordan Valley, 
passing ‘rom Jaffa up to Jerusalem and thence down to Jericho. 
After driving some 10 miles from Jaffa across the coastal plain, one 
comes to a belt of low chalk hills (Senonian, uppermost Cretaceous) 
on which are the towns of Lydda and Ramleh. Farther eastward ex- 
tend alluvial plains in wide valleys cut in chalk, beyond which rise the 
slopes of the ascent to the Palestine plateau. The latter consist of hard 
marine limestone, in the main of Turonian and Cenomanian (Upper 
Cretaceous) age. They are also covered to a considerable extent by a 
superficial, caleareous incrustation, locally known as nari and equivalent 
to caliche. The nari frequently forms massive beds, which curiously re- 
semble the stratified marine limestones and, conforming to the topo- 
graphic surface, give a deceptive appearance of dip slopes. 

The Cretaceous strata rise with the topographic slope of the plateau. 
The coincidence of the slope and stratification is practically complete and 
the accidental structural control is obvious (plate 14, figure 1). Else- 
where, however, the strata dip more steeply than the slope which is bev- 
eled across them (plate 14, figure 2). In extended surveys it becomes 
apparent that the topographic surface is an arch which cuts across an 
anticline and transects horizons representing many hundreds of feet of 
strata. The local coincidence of bedding planes and subaerial surfaces 
is an effect of erosion, chiefly wind erosion, as already described. These 
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FIGURE 1.—THE PALESTINE PLATEAU WEST OF JERUSALEM 


The view shows the accordance between the nearly horizontal limestones and the profile 
of the Judean matureland. In the foreground is one of the deep gorges of the actual 
topographic cycle. 

















Figure 2.—-THe PALESTINE PLATEAU WEST OF HEBRON 


The view which is in a ravine in the western slope shows the actual valley, the profile of 
the Judean matureland in the distance, and the vertical strata cut off by it. 


THE PALESTINE PLATEAU 
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relations may be observed in driving up to Jerusalem or along the length 
of the plateau from Hebron to Nablus and beyond. 

On the eastern side of the Palestine block, in passing from Jerusalem 
to Jericho, one descends over several long spurs and ravines from the 
highest level of the plateau to the lowest part of the Jordan Valley. The 
profiles seen to the north or south again present the approximate but not 
perfect coincidence of the stratification and the tops of the spurs. There 
is a gentle descent from the ridge crest eastward, and then a level stretch 
which forms a plateau or bench some 2,000 feet above the Dead Sea. 
South of the road, all along the western side of the Dead Sea trough, 
the level extends as a lower surface of the plateau and the strata rise 
gently eastward to the line where they are cut off by the escarpment. 
Thus the profile from the summit of the Palestine plateau to the Dead 
Sea consists of three elements, namely, the eastern side of the arch, which 
is a flexure; a broad flat, which is structurally the bottom of a syncline 
and topographically is a slightly dissected plateau surface ; and the escarp- 
ment, which corresponds to an eroded fault-scarp. 

Two elements of the profile just described do not extend north, of 
the northern end of the Dead Sea. The escarpment dies out; the flat 
narrows and disappears in the slope; but a warped surface, or flexure, 
descends to the Jordan Valley. We will call this the Jericho flerure. 
A little farther northwest the Jericho flexure is again broken by a fault 
which lies en echelon with the Dead Sea escarpment and which itself 
branches and disappears in another warped surface in its northward ex- 
tent. We shall return to the latter in describing the J ordan V alley. 

To sum up: In the traverse from Jaffa to Jericho we crossed an arched 
uplift, or swell, of the earth’s surface. Its total length north and south 
is about 100 miles and its width east and west, between the levels on 
either side, is 30 miles. The maximum height of the arch, which has 
a broad, flat top, is half a mile above the Mediterranean. The profile 
curves down toward the Dead Sea and along that deep is cut off by a 
cliff which represents a fault. In the latitude of Jericho the descent to 
the valley of the Jordan is down the Jericho flexure, which is a warped 
topographic surface, in which the matureland is recognizable, though 
deeply ravined. 

Lest the reader be led by habit of thought to overlook the distinction 
between the swell of the land which is Palestine and the anticlinal atti- 
tude of the strata within the swell, we may repeat the statement that 
the anticline was the earlier feature. It rose as a fold. Erosion then 
cut a flattish landscape across it. Subsequent uplift then produced the 
swell which forms the actual plateau and slopes. The evidence of the 
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sequence of developments was observed in the relations of the strat 
graphic and physiographic surfaces, which have been described. 

The graded plain which cuts across the strata would by many be 
called a peneplain, but the planation is far from complete, and in many 
localities there are surviving hills or monadnocks several hundred feet 
in height. They are particularly conspicuous in driving northward on 
the highway from Jerusalem to Nablus, where the heights consist of the 
hard Turonian-Cenomanian limestone and valleys are cut in the soft 
Senonian chalk. The latter are wide longitudinal valleys of mature 
aspect. Their systematic relation is that of subsequent valleys developed 
on soft strata during the process of erosion to maturity. The heights 
are hillocks on surviving divides. Many of the old cities named in 
biblical history were located on these hilltops, in convenient position for 
defense, while yet within reach of the fertile valleys. In view of the sub- 
dued mature, but not aged character of the topography, the landscape 
should be recognized as a mature land surface. It is a part of the Judean 
matureland. 

In the summit of the plateau the matureland has been stripped by 
wind erosion and slightly sculptured by young ravines. On the slopes 
from the plateau to the lowlands on either side it is cut by deep gorges 
which are in the adolescent stage. Their depth and lateral develop- 
ment depend on the area of the watershed in each individual case. The 
young ravines have developed captures in favorable places, as may be 
seen just north of Nablus, where a southern branch of the Wadi Forah, 
favored by the exposure of the chalk on a locally steep dip, has reached 
southward and captured a section of the mature valley. A brook which 
used to flow through the gorge at Nablus westward to the Mediteranean 
has thus been transferred to the Jordan Valley. 

The rise of the Judean matureland from the Mediterranean coastal 
plain has been described, as has also its descent to the Dead Sea and the 
Jordan Valley at Jericho. It remains to describe its descent northeast- 
ward to the Plain of Esdraelon. A long, gentle valley carries the mature- 
land surface from the top of the plateau, at about 2,000 feet above sea, 
down to the plain, near sealevel, along the north-south profile between 
Nablus and Jenin. It corresponds to the pitch of the axis of a down- 
warp in the plateau at its northern end. It also coincides with a shallow 
syncline in the strata. We will refer to it as the downwarp or syncline 
of Jenin, since the city of that name is situated in it. 

Two long spurs embrace the valley and syncline of Jenin. Their 
structure is qanticlinal. Their surface form is in each case a swell, like 
that of the main plateau, but narrower. One of them springs from the 
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northwest limb of the main plateau and extends northwestward to the 
Mediterranean, where it terminates in the high ridge of Mount Carmel, 
above the town and harbor of Haifa. The northeast slope of Mount 
Carmel has commonly been recognized as an eroded fault-scarp of some 
sort and will subsequently be described as the front of an overthrust. 

The second spur lies east of Jenin. It reaches out from the northeast 
corner of the plateau, extends some distance northeastward, and turns 
northwest into the Plain of Esdraelon. Rising to its northwest end in 
Mount Gilboa, it there presents a steep face, which is the eroded front 
of an overthrust. Like the similar feature of Mount Carmel, it faces 
northeast. 

Mount Carmel and Mount Gilboa are structurally related to the Pales- 
tine plateau. They share with it an identical distory of development. 
In each of them the Cretaceous strata occur in an anticline, as they do 
in the plateau. Over both of them the Judean matureland has been 
traced as a surface of erosion which cuts across the strata. It was eroded 
at its normal grade. It now rises from the plain on one side, passes over 
the swell, and descends to the plain on the other side. Its arched profile 
can only be the result of a second episode of deformation, which has 
affected the two spurs simultaneously with the main plateau. 


RELATIVE DIsPLACEMENTS 


In an early paragraph reference was made to three blocks—the Pales- 
tine, Transjordan, and Dead Sea blocks—which could be distinguished in 
the area. They differ in conspicuous facts of elevation and depression. 
We are concerned with their relative movements, and to determine them 
we require a datum plane which can be recognized in or cn all three 
blocks and can also be fixed in its original position with reference to 
sealevel. The required datum is furnished by the Judean matureland. 

It was graded close to sealevel. It now rises on the swelling surfaces 
of the Palestine and Transjordan blocks to 2,500 feet above sea. The 
swells have evidently been pushed up. 

On the other hand the matureland slopes down to the Jordan Valley, 
where it may be observed at a level 1,200 feet below sea. It descends 
even deeper under the alluvium and also under the Dead Sea, where it 
presumably reaches a depth of 2,600 feet below sealevel. Thus it is 
apparent that the Dead Sea block has been depressed. 

These facts of elevation and depression are expressed in figure 1, 
in which A, B, and C represent the Palestine, Dead Sea, and Trans- 
jordan blocks, respectively ; but the upper surface is to be identified with 
the Judean matureland and related to sealevel. 
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The facts of elevation and depression demand recognition of forces 
acting vertically upward in opposition to gravity and also gravitatively 
downward. The forms of the blocks require consideration, as do their 
relations to one another. We see only their upper portions. There are 
much larger masses which lie beyond our utmost plummet and regarding 
which we can do no better than to speculate according to logical infer- 
ences from what we observe in the region itself or have observed and 
deduced elsewhere under similar conditions. The reasoning has led 
geologists to two major theories, one of which lays emphasis on sub- 
sidence, whereas the other stresses compression and uplift. They have 
been placed in opposition in the subtitle of this article by contrasting 
Rift valleys and Ramp valleys. Each has its advocates, and it seems 
desirable that the evidence to be presented should be discussed, as it has 
been in many arguments between my fellow-geologists and myslf. To 
distinguish the views clearly, we will personify the advocates as Rift 
and Ramp and let them speak for themselves. 


FUNDAMENTAL Concepts; Rirr versus RAMP 








Rirt 


It is assumed that a segment of 
the earth’s crust has been arched 
up. The conditions of the arching 
may be discussed as involving either 
compression by tangential forces 
or vertical forces acting directly 
upward. The elongation of the seg- 
ment due to arching results in ten- 
sion, which is a condition favorable 
to normal faulting. Faulting en- 
sues and a strip sinks in between 
parallel faults. The effect is to 
produce a rift valley. 

It is observed that rift valleys 
are frequently associated with vol- 
eanic outflows. It is postulated 
that the uparching of the segment 
relieves pressure on highly heated 
masses and thus promotes melting. 
The resulting outflow of lava and 


Ramp 


It is postulated that tangential 
compression is the dominant cause 
of uplift and displacement of the 
earth’s crust. It may act in a su- 
perficial layer, and produce folds 
or flat overthrusts; or it may be 
exerted in a deeper seated zone 
and by shortening the horizontal 
dimension of an incompressible 
mass may cause it to extend up- 
ward and thus to exert a vertical 
force; or, again, deep-seated com- 
pression may produce steeply in- 
clined upthrusts or ramps and may 
force the overlying masses to rise 
on them. 

A ramp may develop singly and 
produce an escarpment overlooking 
a lowland, or two opposed ramps 
may rise facing one another. In 
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consequent removal of material 
from under the arch is a contribu- 
tary cause of the subsidence of the 
rift zone and the formation of the 
valley. 

Apply these concepts to the Dead 
Sea trough, we recognize the ini- 
tial arch in the Palestine and 


Transjordan plateaus, which may 


be conceived to have been continu- 
ous across the trough; we see the 
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the latter case a ramp valley lies 
between. 

It is established that compres- 
sion and shearing promote melting 
of rocks by raising the tempera- 
ture, and it is reasonable to assume 
that melting or metamorhpism ac- 
company deep-seated displacements ° 
on ramps. The outflows of lava 
noted in connection with ramp 
valleys are thus accounted for. 
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Ficure 5.—Rift Idea 


Uparching relieved pressure; relief of pressure resulted in melting; outflow of melt 


was followed by subsidence. 


rifts as the two escarpments, and 
we may assume a relation between 
the subsidence of the Dead Sea 
block and the basalt flows in Trans- 
jordania. 


Applying these ideas to the Dead 
Sea trough and the adjoining 
plateaus, we recognize two arched 
uplifts, two ramps, and the de- 
pressed block. The elevations and 
depression are intimately related as 
effects of the general pressure to 
which the blocks have been sub- 
jected. The lava flows are closely 
related effects and they have been 
forced out by the same pressure. 


We turn to consider the facts of the Dead Sea trough. 
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Deap SEA TROUGH 





The subjective impression of a sunken block is strong when one looks 
from an escarpment off and down into the Dea Sea trough, and it car- 
ries with it the idea that the crust must have been pulled apart to allow 
the block to sink. The impression is one commonly conveyed by similar 
scenes anywhere. The Yosemite Valley and the Grand Canyon of the 
Colorado have been described as cracks in the earth’s crust. Intelligent 
analysis proves them to be results of various processes of erosion. In the 
inevitable comparison of the three chasms the inference lies near that 
the Dead Sea trough may also be due to erosion, but a study of its plan 
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Ficcure 6.—Ramp Idea 


Horizontal compression resulted in the development of ramps on which the lateral 
blocks rode up. The swelling of the surface is due to the same forces. Components 
directed downward forced the keel down elastically and actually. Pressure and shear- 
ing produced melting, and subsidence was in part due to the escape of the melt. 


and tributaries precludes the idea, as has already been stated, and the 
mind is thrown back on other explanations, among which a Gregorian 
rift valley is the most prominent. 

A geologist educated to the views of Suess, which presuppose conti- 
nental collapse as a normal geologic process, finds no urgent reason to 
question the validity of the subjective impression. He may tacitly accept 
the conclusion which seems to require no proof. If proof be sought, it 
may be found in the normal faults which characterize the escarpments. 
They are readily recognized. Strips of the formations which form the 
upper battlements of the cliffs lie like steps against the lower section. 
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The strata have been identified geologically and the facts of displace- 


ment admit of no contradiction. 


They are, however, capable of more 


than one interpretation. Let Rift and Ramp present their views. 


RIFT 


The displacements which may 
be observed along the bases of the 
escarpments bordering the Dead 
Sea are .evidently normal faults. 
The blocks which have sunk into 
the trough have carried down strata 
that form the adjoining plateaus. 
The hade is to the downthrow. The 
faults are exactly what we would 
expect on the assumption that the 
Dead Sea block has sunk from the 
level of the plateaus, and that there 
are marginal strips which have not 
sunk down quite so far. 


Ramp 


The apparent normal faults are 
superficial landslides. There is a 
trough 10 miles wide and more 
than three-quarters of a mile deep 
below the rims. The walls are ver- 
tically fissured. An effective vol- 
ume of water, which sinks into the 
plateau during the winter rains, 
emerges beneath the cliffs, lubricat- 
ing any impervious layer. The 
conditions favor sliding. The 
sunken strips are narrow, of dimen- 
sions appropriate to slides. They 
are to be regarded as_ slides. 
As such they have no bearing on 
the origin of the differences of 
level, since they would follow from 
the exposure of the cliffs, whether 
by uplift or subsidence. 





Inspection of the cliffs which overlook the Dead Sea along its western 
side showed that landslides have occurred, and that the actual faces of the 
escarpment are young, as must always be the case where a declivity is 
subjected to sapping. The escarpments have receded somewhat. The 
slides have apparently been of sufficient volume to cover the faults which 
lie at the contact of the Palestine block with the Dead Sea block, and 
thus to obscure them. Speculation as to the character of the supposed 
rifts or ramps is therefore free from the control of direct evidence. 

It is otherwise with the valleys and gorges by which streams descend 
from the Palestine swell to the Dead Sea. They have been cut more or 
less deeply, more or less widely, according to the control of the rocks, 
slopes, volumes of water, and elapsed times. From them we may learn 
something of the relative ages of the swell and the escarpments. Did the 
development of the Palestine arch precede the rifting or ramping ? 

Descending from Jerusalem along the course of the Brook Kedron, 
one traverses a rocky valley, which is narrow between walls of hard lime- 
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stone or widens in the soft chalk in a manner that might be attributed 
largely to the unequal resistances to lateral erosion. The profile of the 
stream channel, however, suggests a supplementary explanation. The 
grade is steep in the upper course for a short distance below Jerusalem. 
It then flattens out to aggraded bottom lands of small extent, on which 
the black tents of the Bedouins stand out from the fawn-colored desert 
landscape. The profile is that of a stream which has graded its bed to 
the stage of advanced adolescence, but it ends abruptly at least 3,000 feet 
above the Dead Sea. The succeeding lower section descends precipitately 
between precipices in an inaccessible gorge. At the head of the gorge 
stands the Greek Catholic convent of Mar Saba, a convenient reference 
point. 

The several sections of this profile of the Kedron are related to the 
structural slopes as well as to the work of the stream. From Jerusalem 
eastward the surface bends down in the flexure which constitutes the 
eastern side of the Palestine swell, and the steep upper profile of the 
Kedron is cut in that steeper slope. Where the flexure passes into the 
flat plateau, which extends to the Dead Sea scarp, the grade of the Ked- 
ron also flattens and the channel is slightly aggraded, as in a syncline. 
Beyond the flat the Kedron descends abruptly into its gorge, which is cut 
.in the escarpment above the Dead Sea. The head of the gorge is cut 
back 2 or 3 miles from the face itself. 

There are two possible explanations of the changes of grade in this 
profile. One interpretation throws the entire development of the re- 
juvenated profile into a single episode of uplift and displacement. It 
assumes that the swelling of the plateau and the exposure of the cliff 
were contemporaneous effects, in consequence of which the Kedron and 
other streams corraded channels whose depths are functions of the struc- 
tural grades and of the volumes of water. 

The other explanation would distinguish two sub-episodes in the 
development of the profile of the Kedron: an earlier one, corresponding 
with the swelling of the Palestine plateau and the development of its 
eastern slope or flexure, including the flat east of it; and a later one, 
corresponding with the exposure of the great cliffs. During the former 
the Kedron was rejuvenated on the flexure and reached an adolescent 
stage, and during the latter its lower course, which now lies beneath the 
Dead Sea, was sheared off and the very youthful gorge was cut back to 
Mar Saba. 

The physiographic evidence offered by the channels tributary to the 
Dead Sea was examined not only along the Kedron, but also in seven 
gorges which were crossed in the traverse from Mar Saba to En-Gedi, 
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FIGURE 1.—ESCARPMENTS ALONG THE SPRING CALLED EN Geb! 


View taken looking north. 











FIGURE 2.—-ESCARPMENTS ABOVE THE SPRING CALLED EN GEDI 


View taken looking south. 


ESCARPMENTS OF THE DEAD SEA 
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and further in following the course of the stream that flows to En-Gedi 
from the direction of Hebron. I conclude that two sub-episodes of def- 
ormation and stream erosion are indicated. The channels are not only 
deepened, but also widened in appropriate sections. The widening of 
the valleys in the flat-lying strata is chiefly by sapping and storm ero- 
sion. It is a slower process than that of vertical corrasion, with which 
it is to be compared in evaluating the lapse of time. The comparative 
vertical corrasion is that which the streams have accomplished in their 
lower sections, where concentrated flood volumes and steep grades greatly 
favored the process. I estimate that the lower gorges should have been 
cut back much further than is actually the case, if they had been 
growing during the whole time consumed in widening the upper val- 
leys; consequently I judge the lower gorges to be younger, and this car- 
ries with it the conclusion that the escarpments are of later development 





than the slope of the swell. 


Rirt 


The recognition of two episodes 
of development of the total dis- 
placement of the Dead Sea trough 
below the crest of the Palestine 
plateau is what would be expected 
if the movement had been one of 
subsidence from the height of an 
arch which spanned the site of the 
sunken segment. It is reasonable 
to assume that the failure of sup- 
port of the arch developed grad- 
ually and resulted in a broad down- 
warp or depression of synclinal 
form before normal faulting was 
initiated on a large scale. The 
slope which has been described as 
the eastern side of the Palestine 
swell was produced during the 
subsidence of the downwarp, and 
the younger cliffs belong to the 





1% Henry M. Caddell: 


Ramp 


The facts present a case of pro- 
gressive thrusting. It has been es- 
tablished by the experiments made 
by Caddell ** that thrust-planes de- 
velop in a mass which is under 
compression progressively, one in 
front of another. The phenomenon 
has been observed on a large scale 
in the Andean Cordillera of Chile.’ 
It occurs here in a somewhat modi- 
fied form. The pressure which 
caused the uplift of the Palestine 
plateau did so by squeezing the 
mass below the present arch and 
forcing it to rise vertically. The 
actual swell resulted as a primary 
effect. When the swell had de- 
veloped to a certain extent, and 
further uplift in that direction met 
with more resistance than progres- 


Experimental researches in mountain building. Transactions 


Royal Society of Edinburgh, vol. xxxv, 1888, pp. 337-357. 


7 Bailey Willis: Comparative seismology. 
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stage of normal faulting. We may sive shearing, an upthrust fault de- 
agree that the actual escarpments veloped farther east. Bending up- 
have been exposed by minor land- ward toward the surface, the thrust 
slides, but they are a consequence of became a steeply inclined ramp on 
the initial depression which re- which the Palestine block was 
sulted from gravitative faulting. pushed upward. The face slid off 

and the actual escarpment resulted. 


The examination of the Dead Sea trough and its immediate environ- 
ment on the west led to no definite conclusion as to the origin of the 
displacements. It does not appear that the argument between the Rift 
hypothesis and the Ramp hypothesis can be decided by the facts to be 
observed in the great gulf or its immediate escarpments. If we discount 
the subjective impression produced on one who looks down into the abyss, 
there is no direct evidence to support the assumption that the sides of the 
trough have been drawn apart, and that a central section has dropped 
in. On the other hand, while there is evidence of compression in the 
uplift of the plateau and the swelling of its profile, there is no demon- 
strable connection between those effects and the ramp which is assumed 
to exist beneath the Palestine block. 

It is necessary to seek evidence in other fields. 


JORDAN VALLEY 


The Jordan Valley is the northward continuation of the Dead Sea 
trough. The two are continuous, one with the other. They lie in di- 
rect alignment. Both lie below sealevel, and the bottom of the valley 
slopes down into the trough beneath the delta of the river which flows 
into the sea. Both are bounded by the plateaus of Palestine and Trans- 
jordania. Structurally they constitute one depression, but they differ 
somewhat in the minor features of the walls that bound them. Great 
escarpments wall in the Dead Sea. Steep slopes and cliffs of less im- 
posing height border the Jordan Valley. 

At the northern end of the Dead Sea an observer notes that the west- 
ern escarpment has diminished in height until it ends at the water sur- 
face. It presumably extends northward under the alluvium, but along 
the side of the valley it is replaced by the Jericho flexure, the warped 
surface of the Judean matureland, and evidently dies out in it, as is the 
habit of faults and flexures. The alluvium and lake beds that floor the 
valley are not faulted, so far as I observed. 

In the valley of the Jordan, but near its western side, is the city of 
Jericho, situated about 6 miles north of the Dead Sea. Its site is deter- 
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FiIcureE 1.—THE TRANSJORDAN PLATEAU EAST OF THE DEAD SEA 


The view is looking north near Madeba, in the desert; a group of Bedouins and their 
black tents, 








Figure 2.—Tur TRANSJORDAN PLATEAU; THE SITE OF THE ROMAN City OF GERASA (JERASH) 


The view shows the forum, the modern city, and the character of the Judean matureland. 
In the foreground are the ruins of a temple thrown down by earthquake shocks. 


THE TRANSJORDAN PLATEAU 
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mined by the waters that flow from deep ravines in the Jericho flexure, 
which is broken by one or more faults, set off to the west en echelon with 
the Dead Sea escarpment. The major fracture of this series rises as 
a strong escarpment about 10 miles northwest of Jericho and extends 
northward to a point about 20 miles north of the Dead Sea, where it 
bifurcates and runs out into a monoclinal flexure. The consequent ravine 
of the Wadi Forah is developed on the latter. Mr. George S. Blake, 
British Government Geologist, with whom I had the privilege of visit- 
ing this section, had observed the echelon structure and had identified 
the major fault as one which passes southward into the Mount of Olives, 
a summit swell of the Palestine plateau lying east and northeast of 
Jerusalem. Thus the faulting along the eastern side of the Palestine 
plateau, including the Dead Sea fault, is traced into direct relationship 
with the uparching and is seen to extend to its very core. 

Ramp argued that these relations established a genetic identity be- 
tween the uparching, which is recognized as an effect of compression, 
and the faulting that traverses the flexure. The latter must also be due 
to compression and must be a thrust, a ramp. Rift admitted the genetic 
relation and recognized that the faults were extreme manifestations of 
the forces that produced the flexures, but he continued to regard both 
flexure and faulting as effects of gravitative sagging rather than of 
upthrusting. According to his view, the compressive forces had ceased 
to operate with the close of the earlier sub-episode of erosion recognized 
in the valley of the Kedron, and the subsequent displacements had re- 
sulted from relaxation of the pressure during the later sub-episode. To 
Ramp’s challenge that he produce proof of relaxation he remained silent. 

Some 50 miles north of the Dead Sea the Jordan Valley widens. Here 
is the site of the ancient city of Beth Shean (Scythopolis), which was 
situated at the junction of the Jordan and Jezreel valleys. The point 
is one of significant interest from the aspect of tectonics as well as for 
the location of cities. The broad Valley of Jezreel extends from the 
Jordan westward to the Plain of Esdraelon, and thus connects with the 
coastal plain bordering the Mediterranean. Jezreel is bounded on the 
south by the height of Mount Gilboa, which also forms the western side 
of the Jordan. There is unity of surface of the valley floors and con- 
tinuity of the bounding ridge. The relations demonstrate the unity of 
structure all the way from the Dead Sea along the Jordan Valley and 
through the Valley of Jezreel across the Plain of Esdraelon to the Medi- 
terranean. 

South of the Plain of Esdraelon stretches Mount Carmel, which has 
already been described as a spur of the Palestine plateau and a homolog 
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of the swell of Mount Gilboa. The structure of these ridges is inti- 
mately related to that of the western side of the Dead Sea trough and 
of the Jordan Valley and may best be described here, while we leave 
the consideration of the eastern side of the Jordan and of its head- 
water region in Syria to a later page. 


Mounts GILBoA AND CARMEL 


Mount Gilboa is a short ridge that springs from the Palestine 
plateau as a branching spur or swell and forms the western side of the 
Jordan Valley and the southern side of the Valley of Jezreel, as has been 
described. Its southwestern slope rises gently from the Valley of 
Jenin. Its eastern slope is steeper and its northeastern face is very 
steep, though not precipitous. The ridge is strongly curved from 
north to northwest. 

Mount Carmel is a longer swell, which springs from the Palestine 
plateau as a continuation of the main axis and trends away to the 
northwest. Rising in that direction, it culminates in the promontory 
that overlooks the Mediterranean and the city of Haifa. Its slopes re- 
semble those of Mount Gilboa and they are similarly placed. The 
southwestern slope is gentle; the northeastern slope is steeper, and the 
latter becomes very steep in its extension to the promontory. The ridge 
is straighter than that of Mt. Gilboa. 

The internal structure of both these swells is anticlinal, except in the 
higher, northwestern portion. There it is monoclinal. The cross-sec- 
tions are unsymmetrical. Dips toward the southwest vary from 5 to 15 
degrees; those toward the northeast range from 15 degrees up to much 
higher angles. The form is that of a fold which is pushed over toward 
the northeast. Thus the steeper dips of the folds are toward the Plain 
of Esdraelon and the Valley of Jezreel, beneath which the strata lie ina 
deeper syncline. The folds thus obey the mechanical law that the over- 
turn due to compression shall be directed toward the lower member of the 
thrust couple.** It became an interesting question whether the over- 
turning had produced any éffect of overthrusting, and the structures 
were examined for thrust-faults with confirmatory results in both cases. 

The northwest promontory of Mount Carmel rises with an almost 
precipitous scarp above the harbor of Haifa. The face consists of the 
Turonian-Cenomanian limestone dipping toward the southwest, and far 
over, on the southwestern slope, these older strata are overlain by the 
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Figure 1.—OvertTuri¢st iN Mount CARMEL 


View taken looking northwest; at left, Lower Cretaceous limestone, dipping south, greatly 
sheared; at right, Upper Cretaceous chalk, standing vertically. 








FIGURE 2.—OVERTHRUST OF JEBEL KALAMUN AT DAMASCUS 


Where the Anti-Lebanon range faces the Arabian plateau. 


OVERTHRUST IN MOUNT CARMEL 
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younger (Upper Cretaceous) Senonian chalk. In going from Haifa 
toward the southeast, along the face of the mountain, that face is seen 
to become less steep, and 4 miles from Haifa, at the cement quarries of 
Yabor, there is a small spur consisting of the Senonian, which stands 
vertically, striking northwest and southeast, a little way up from the 
valley. The outcrop of the vertical strata can be traced for several hun- 
dred yards along the mountain side, and through a portion of that dis- 
tance the Senonian is exposed in contact with the Turonian-Cenomanian, 
which forms the higher slopes. The older strata dip toward the south- 
west and rest on the vertical edges of the younger. The vertical dip is 
that which would be assumed by strata beneath an overthrust, and the 
overlying beds are strongly sheared in a manner which demonstrates the 
pressure to which they have been subjected. The relations leave no 
doubt of the presence of a thrust-fault along this section (see plate 17, 
figure 1). 

The fault face of Mount Gilboa is similar to that of Mount Carmel, 
in that it consists of the Turonian-Cenomanian limestones which dip to 
the southwest. Their outcrops extend nearly to the base of the slope, 
and from there down to the valley the rocks are concealed by a slight 
apron of talus and dust. There is but one exposure of the rocks at that 
horizon and it is in the cave from which flows the spring known as 
Herod’s Well. Though seen only under ground and in very limited ex- 
posure, the beds present definite evidence of their structural relations. 
They are bent back to a very steep dip and are strongly brecciated. 
Their attitude is that of beds immediately above a thrust-plane and their 
intimate structure is that of a fault breccia (plate 18, figures 1 and 2). 

The facts of structure of Mounts Gilboa and Carmel left no doubt in 
my mind as to the manner of action of the forces which had produced 
them. They are effects of compressive stress. But it became essential, in 
studying their bearing on the Dead Sea problem, to determine to what 
episode of deformation the folds belong, and to this end it was necessary 
to observe the effect of the uparching on the Judean matureland. Atten- 
tion was thus directed specifically to the question whether the character- 
istic features of that landscape could be traced over the warped surfaces 
of these swells. It was found that the outcropping strata were beveled 
by smooth surfaces due to erosion which are out of harmony with the 
actual eroding agents operating on the present slopes. This is the cri- 
terion by which features of an older topographic cycle may be distin- 
guished from those of the present cycle, and as the discordant relation 
was one of general occurrence it appeared to answer the question. The 
swells are younger than the Judean matureland, and therefore owe their 
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elevation to the same conditions as those that determine the uparching 
of the Palestine plateau of which they are spurs. 

The relation of the uparching to the overfolding appears in the general 
conformity of the outer form to the internal structure. - It has already 
been noted that the cross-sections of Mount Gilboa and Mount Carmel! 
are unsymmetrical, the steeper dips of the strata being to the northeast. 
The cross-profiles are similarly unsymmetrical and in the same direction. 
Thus the force which produced the initial folds continued in the same 
sense after the erosion of the Judean matureland and raised the swells 
as they now exist. The thrusts may have been initiated in the earlier 
stages of compression, but they would naturally follow as effects of the 
more highly compressed condition of the later stage. 

The actual dip of the thrust-faults can not be seen. The outcrop, how- 
ever, is practically straight in each case, so far as it can be traced, and 
indicates a high-angle upthrust fault or ramp. 

Rift did not agree to this latter conclusion and was inclined to regard 
the steeper faces of Mount Gilboa and Mount Carmel as normal faults. 
In this he consistently followed out the line of argument relating to the 
Dead Sea escarpment, and thus recognized the genetic similarity of 
those great features with these less imposing ones. 

Ramp agreed that the Palestine plateau and all its subsidiary ele- 
ments constitute one general structure, of which the Dead Sea escarp- 
ment, the Jericho flexures and other similar flexures, and the swells of 
Mount Gilboa and Mount Carmel are elements. He questioned the in- 
terpretation of the steeper faces as normal faults and challenged it on 
evidence of the character of the slopes themselves. The plan of a normal 
fault is usually straight or gently curved. The contours of Mount 
Gilboa and Mount Carmel where they meet the plain are sinuous to a 
degree more nearly characteristic of the outcrop of a thrust. The fault- 
scarp of a normal fault commonly shows triangular facets where it has 
not been eroded. The steep slopes of Mount Carmel and Mount Gilboa 
fail to show any such facets. They present very smooth profiles with 
rounded contours, which suggest the swollen form of a mass that is 
undergoing internal shear and intimate displacement along many shear- 
ing planes. Such a form is consistent with continued compression. 

Rift argued that the normal faults were not so recent as to have 
retained remnants of the actual fault-scarps, and that we had to deal 
with a greatly eroded fault-scarp from which the structural facets had 


been removed. 
Ramp pointed to the evidences of youthfulness of the form. Nowhere 
are the slopes of Mount Gilboa or Mount, Carmel cut by deep ravines. 
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FIGURE 1.—NoOrRTHWEST SLOPE OF MouNT GILBOA, JUST East OF Herop’s WELL 


Showing the attitude of the Lower Cretaceous limestone above the Plain of Jezreel, which 
is underlain by the Upper Cretaceous chalk. The relations suggest a fault. 








Figure 2.—Rocks 1N HERop’s WELL, MouNT GILBOA 


The cave shows the limestone strata dipping steeply north and much crushed, immediately 
above the thrust plane that is inferred to exist along the base of Mount Gilboa. 


MOUNT GILBOA 
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It is true that the watersheds are small and the streams flowing down the 
slopes are intermittent rivulets in most cases, but their flood waters are 
voluminous and have cut certain significant channels. The little valleys 
show two substages of erosion. Up on the slopes they are fairly wide and 
meander in rude adjustment to the rocky structure. Near the base of 
the slopes the older channels are incised and replaced by little ravines 
with steep rock walls a few feet high. 

These erosion features parallel those which were observed in the Val- 
ley of the Kedron and other tributaries of the Dead Sea, including the 
young gorges cut in the escarpment. Although developed on a small 
scale, the little valleys and ravines are homologous and of similar age with 
the larger features of the more extensive watersheds. The comparison 
serves to emphasize the identity of tectonic relations. 

Ramp regarded these points as conclusive and urged the general unity 
of development of the structures grouped around the mass of the Pales- 
tine block. They comprise the escarpment overlooking the Dead Sea, the 
flexures that bound the Jordan Valley on the west, the upthrusts of Mount 
Gilboa and Mount Carmel, and the internal structures of the Palestine 
block itself, by virtue of which its superficial form has been changed 
from the relatively flat surface of the Judean matureland to the arched 
swell that it now presents. 

Ramp again challenged Rift to produce evidence that the compres- 
sion to which these features are certainly in large part due had yielded 
to relaxation of pressure, and that normal faulting had followed up- 
thrusting. 

In return Rift asked Ramp to explain how he could prove that the 
uparching of the plateau and its spurs was caused by compression in- 
stead of being an effect of gravitative settling around a rigid horst. 

?amp replied that it was partly a question of direct evidence such as 
the upswelling of the masses, partly of inference from observations on 
similar effects elsewhere, and he took up the problem of the internal 
structure of the Palestine block. 


PALESTINE BLOCK; ITS INTERNAL STRUCTURE 


The internal structure of the Palestine block comprises the structures 
of two unlike masses. The outer one is the cover of sedimentary strata 
which lie in a broad anticline; the inner one consists of the basement 
rocks on which those strata were laid down. The latter are not exposed 
to view west of the Dead Sea, but as seen on the eastern side of the 
trough they consist of ancient metamorphosed sediments and intrusives. 
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A complex of that kind is so universally present under mantling sedi- 
ments that it is safe to assume its presence in the Palestine block. 

We first take up the structure of the sedimentary mantle and may con- 
sider some of the details which are exposed in the ravines on the slope 
toward the Dead Sea. , 

In descending from Jerusalem to Jericho along the highway, the 
traveler may observe sharp folds in flinty strata included in the Senonian 
chalk. Similar folds are beautifully exposed in the gorge of the Kedron 
above Mar Saba. The folds are on a small scale and are obvious only 
where the flint forms continuous strata. They are, however, strongly 
developed, presenting complete anticlines, overturned dips, and over- 
thrust faults. The lines of the folds can not be traced in the homo- 
geneous chalk, but it rises in the anticlines and lies in the synclines in 
conformity to the flint. Because of its lack of stratification and homo- 
geneous resistance, it has yielded by shearing rather than by bending 
and is traversed by numerous minute and generally indistinguishable 
faults. The structures prove that the chalk and the interstratified flint 
beds have been subjected to notable compression. 

It has been suggested that this folding is an intraformational effect, 
possibly due to some chemical reaction accompanied by increase in 
volume, as in the alteration of anhydrite to gypsum, but the folds are 
much too large to be attributed to so intimate a cause. They measure 
from 50 to 100 feet or more across and are mechanically of a different 
type from those produced by a molecular increase in volume. 

The more massive limestones, between which the thick chalk strata are 
bedded, lie in broad folds, as contrasted with the sharper, more minute 
crumpling of the flint layers. The difference appears to be reasonably 
explained by the unlikeness in rigidity and competency of the rocks. 
Occasionally, however, sharp folds are seen in the limestone under the 
chalk, and it not infrequently happens that rivulets have adjusted them- 
selves to little synclines by eroding their channels in the softer beds. In 
those cases there is a certain accordance between this minor structure 
and the location of the ravines. 

Recognizing the folding as a general phenomenon which demonstrates 
a stage of compression in the deformational history of the Palestine 
block, we must place that stage among the earlier events. The folding 
must have occurred before the strata were elevated to their present posi- 
tion, for they would now meet with no resistance to a forward movement 
and would not be crumpled. Moreover, the Judean matureland is eroded 
across the broader anticlines, and they therefore belong to the older 
phase of uplift. 
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The actual arch of the Palestine plateau belongs to the later stage. 
It can not well have been produced by horizontal pressure transmitted 
only in the sedimentary mantle overlying the basement complex, for 
it is 30 miles across and but half a mile high. The strata lie in a 
horizontal attitude over wide sections which end in steeper dips. Con- 
tinued folding in consequence of lateral compression would have re- 
sulted in sharper folds at the lines of flexure or in shearing of the broad, 
flat sections. The arch, or swell, must therefore be attributed to verti- 
cal forces exerted by the underlying basement complex in the course 
of that kind of deformation which its structure and relative position ‘in 
the earth’s crust impose on it. 

Gilbert long ago recognized the effects of vertical forces in raising 
mountain masses. In describing the Basin Ranges of Nevada and Cali- 
fornia, he wrote: ?® 

The movements of the strata by which ridges have been produced have 
been in chief part vertical along planes of fracture, and have not involved 
great horizontal compression. 

We may say, without fairly entering the field of speculation, that the forces 
which have been concerned in the upheaval of the Basin Ranges have been 
uniform in kind over large areas; that, whatever may have been their ulti- 
mate sources and directions, they have manifested themselves at the -surface 
as simple agents of uplift, acting in vertical or nearly vertical planes, and 
that their loci are below the immediate surface of the earth’s crust. 


Gilbert did not then present any theory of the origin of the unliftin’ 
force, but a clew thereto was furnished a few years later, in the course 
of experiments on the effects of compression, which I conducted under his 
observation. The experiments are well known as illustrations of fold- 
ing. The facts of shearing, which they also demonstrate, have been less 
clearly recognized even by myself, but they are equally significant. 

In thick, homogeneous masses, wherever shearing was easier than 
folding, the model was divided into wedge-shaped blocks that slid over 
each other and escaped in the direction of least resistance. As this was 
upward, they rose, and they rose forcibly, thus lifting the superincum- 
bent strata. The arched form which resulted was low and was ob- 
scured by the greater horizontal displacement of the upper part of the 
model as it was thrust forward. The vertical movements of the sheared 
prisms are easily recognized, nevertheless, and if we assume that the 
models represent nature on a scale of one inch to one mile, the dis- 
placements correspond to uplifts of 8,000 feet or more. 





1° G. K. Gilbert: Geology in Report on Explorations and Surveys West of the Hun- 
dredth Meridian, by Lieutenant George M. Wheeler, vol. iii, 1875, p. 42. 
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The effect at the surface of the earth may take on various aspects, 
according to the distribution and relative amount of the shearing in 
different sections of the foundation rocks. Where the shearing is of 
an intimate character and is localized beneath a given strip a few miles 
wide, the elevation takes an arched form. Mountains of this type occur 
in many places, but have best been described by Robin Willis, who 
observed them in the Coast Ranges of California.2° The foundations 
of these mountains, where exposed in mines or tunnels, are seen to be 
minutely sheared. 

Shearing is a characteristic form of deformation of metamorphic 
and igneous rocks such as, no doubt, make up the basement complex 
beneath the Palestine plateau. It is also the mechanical result of com- 
pression at depths where the superincumbent load is so great that shear- 
ing meets with less resistance than upbending; and it is a fact of 
deformation that if a body be compressed in any one direction without 
equivalent change of volume, it must suffer a proportionate extension 
in a direction of less resistance. 

The direction of least resistance in a vertical line in the earth’s crust 
is upward, not downward, under normal conditions. That direction 
is at right angles to the compressive stresses which are shown to have 
persisted in the foundations of the Palestine block during an early 
stage of deformation, when the initial folding was produced, and during 
that later stage when the thrusts of Mount Gilboa and Mount Carmel 
became active. The existence of a force of compression is thus demon- 
strated, and its effects are brought into regional and chronological rela- 
tions with the swells which constitute the Palestine plateau and its 
spurs. The uparching of the latter is logically attributable to a vertical 
elongation of the underlying mass in consequence of deep-seated lateral 
compression. 

It was on this argument that Ramp rested his conclusions. Recog- 
nizing that the Palestine swell is the result of compression, he placed 
the level of active pressure at a depth of some miles below the bottom 
of the Dead Sea, and argued that the effect was not only to raise the 
surface of the plateau in an arched form, but also to develop a surface 
of displacement between the Palestine block and the Dead Sea block, 
on which the former had been pushed up over the latter. 

Rift pointed out that this explanation solved only half of the prob- 
lem; for it followed, from the displacement of the Judean matureland, 


” Robin Willis: Physiography of the California Coast Ranges. Bull. Geol. Soc 
Am., vol. 36, 1925, pp. 641-678 (648-649). 
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not only that the Palestine block had been raised, but that the Dead 
Sea block had been depressed. He reasoned that a completely satis- 
factory theory must account for both changes of level. 

Ramp answered that the pressure that raised the Palestine block in 
its movement up the thrust-plane had been transmitted to the under- 
lying Dead Sea block, and that the latter had been depressed partly in 
consequence of elastic compression and partly because it was thrust 
eastward under the Transjordan block. The ramp beneath the Trans- 
jordan block had thus been developed as an underthrust, in opposition 
to the ramp under the Palestine block, which must be regarded as an 
overthrust. : 

The scene of observation is thus transferred to the region east of 
the Dead Sea and Jordan Valley. 


TRANSJORDANIA AND UPPER JORDAN VALLEY 


In outer form the Transjordan biock is a replica of the Palestine 
block, if we except the fact that it rises eastward where its surface 
should sink to the level of the Mediterranean were the similarity com- 
plete. Its superficial mass is of sandstone instead of limestone and it 
has been supposed that the strata were older than those of Palestine, 
but I am told by Mr. Blake that the Cenomanian is there represented 
by a sandy shore phase, which is equivalent to the limestone farther 
west. Beneath the sediments there appear at the level of the Dead Sea 
ancient metamorphic and igneous rocks of the basement complex. 

The extension of the Judean matureland over the Transjordan block 
has already been described. We may take up the features that bound 
the plateau on the west and northwest. 

The great escarpment that overlooks the Dead Sea along its eastern 
shore is a very conspicuous and impressive feature. From a distance 
it appears to be bolder than the cliffs on the west, a condition which 
may be due to the fact that it consists prevailingly of sandstone. Near 
the northern end of the Dead Sea the cliff retreats and becomes a flexure 
rather than a fault, dying out as the western fault does in the opposite 
slope. The escarpment is replaced by the smooth contours of the 
warped Judean matureland. The effect is to widen the Jordan Valley 
and to make this section the one along which lines of communication 
across it have converged since time immemorial. The military road 
which crosses the Jordan at Allenby Bridge contours the slope and 
ascends to the plateau at Es Salt and Amman. The matureland sur- 
face is beautifully preserved in the wide plains and gentle valleys of 
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the plateau, especially in the vicinity of Gerasa. The beauty of the 
upland valley, which formerly had presumably more rainfall than at 
present, no doubt influenced the development of that great city whose 
ruins are more extensive than those of Baalbek and equally remarkable 
as monuments of Roman architecture. 

A few miles north of the Dead Sea the Jordan Valley again narrows 
slightly and for a distance of 75 miles is bounded along its eastern side 
by a steep and sometimes precipitous slope, which is in line with the 
eastern escarpment of the Dead Sea trough and is regarded as a fault. 
Still farther north the eastern wall again recedes, where the river Yar- 
muk descends from the plateau of Moab, but it rises again in precipices 
along the straight eastern shore of the Sea of Galilee. These changes of 
character in the eastern side of the Jordan Valley are regarded as effects 
of structure rather than of erosion. Where the wall is precipitous it is 
probably a more or less modified fault-scarp. Where the slope is gentler 
it represents a warped surface of the Judean matureland. 

North of the Sea of Galilee the Jordan flows through a short canyon 
cut through the lava flow that descended from the broad basalt plateau 
on the east and here dammed the old river valley. The lava fields are 
extensive and represent a considerable volume of material which was 
forced out along the northwestern edge of the Transjordan block and oc- 
cupied what would otherwise be a lowland between the Arabian plateau 
and the slopes of Mount Herman. The eruptions are younger than the 
Judean matureland, which they cover along the road from Tiberius to 
Damascus, but which appears from under them rising to the heights of 
the Anti-Lebanon. 

The headwaters of the Jordan lie in a broad syncline between Mount 
Harmon and the Lebanon range, in a region which is beyond the province 
of the so-called rift features. It belongs to the folded mountains of 
Syria. 

SYRIA 

The great orogenic features of Syria are the Lebanon and Anti- 
Lebanon Mountains. As seen from Beirut, on the shores of the Mediter- 
ranean, the Lebanon is extraordinarily impressive because of its great 
height and mass. The Anti-Lebanon culminates in the broad, snowy 
summit of Mount Hermon, at an elevation of 9,000 feet, but is less im- 
posing than its companion range, because the slopes are smooth and 
gentle. This is especially the case in the view from the southeast, in 
crossing the basalt fields en route to Damascus. It is there that one 
can best observe the sweep of the Judean matureland up over the great 
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range. It is a characteristic physiographic surface of broad valleys and 
low ridges, beveled across the edges of the folded strata in a manner 
which is consistent only with conditions of erosion at relatively low alti- 
tudes. It is now arched to elevations varying from 3,000 to 9,000 feet 
on the broad upwarp of the Anti-Lebanon. From the arched summit of — 
that range it can be followed down the western slope, where it passes 
under the alluvium of the great synclinal depression between the Anti- 
Lebanon and the Lebanon. Thence it rises over the latter mountain 
range and, passing over the crest, slopes toward the Mediterranean. The 
Mediterranean side of the Lebanon range is very deeply eroded in the 
neighborhood of Beirut, and the elucidation of the physiographic fea- 
tures is not obvious. It appears, however, that the western spurs carry 
the matureland down to the narrow coastal plain and under the sea. 

The internal structure of the Lebanon and Anti-Lebanon ranges is a 
result of folding. It has been fully described as such by Krenkel,?* who 
includes a very satisfactory summary of his own observations and those 
of Kober and earlier observers in his account of the geology of Africa. 
I did not have the opportunity to verify the details of the folded and 
thrust structure of the ranges, but it was obvious, so far as its general 
character was concerned, in the traverse between Beirut and Damascus. 

At Damascus a major feature of the structure is the notable overthrust 
along the southeastern side of Jebel Kalamun, the frontal ridge of the 
Anti-Lebanon which overlooks the desert plain. It is not a conspicuous 
range, but its face toward the plain is convex outward and is sometimes 
precipitous. It is cut through by the gorge of the Abana River, and its 
internal overturned structure is there very obvious (see plate 17, figure 
2). It is a strong overthrust toward the southeast and separates two 
major masses, namely, that of the Anti-Lebanon range from that of the 
great plain of Arabia. We will designate it the Damascus thrust. 

The trend of the Damascus thrust is northeast and southwest. I was 
unable to follow it beyond Damascus northeastward, but the distant pro- 
files of the hills suggested that it died out in a monoclinal flexure, as is 
so often the case with similar thrust-faults. 

In its extension toward the southwest the Damascus thrust is ob- 
secured by the lava plateaus. If it continues beyond them it would skirt 
the mass of Mount Herman and swing north up the valley of the Jordan. 
Should it cross that valley it might form a feature of the Lebanon range, 
skirting its southeastern base. I did not see this latter section, but was 
led by an apparent upthrust south of Nazareth to speculate on the gen- 





2 EE. Krenkel: Geologie Afrikas. Erste Teil, 1925, p. 112 et seq. 
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eral relations of the whole mass of the Syrian mountains to the plains 
southeast of them. 

Referring to the description of the northeast face of Mount Gilboa, 
where it overlooks the valley of Jezreel, it may be said that the moun- 
tains of Nazareth present a similar escarpment toward the Plain of 
Esdraelon. The Turonian-Cenomanian limestones come out to the face 
of the hills and are there abruptly cut off by a smooth slope which faces 
southeast. They dip northeast and thus are in a position and attitude 
which seems to place them above the Senonian chalk that underlies the 
plain. I was unable in a brief reconnaissance to find any direct evidence 
of an overthrust, but was of the opinion that the observed facts favored 
that inference. If so, Mount Tabor would appear to be an outlier of the 
thrust, and these local features would be the southwestern extremity of 
the great Syrian mass displaced toward the southeast. 


Twin ARCHES 


Returning to the region of the Dead Sea after this excursion to the 
north, we may consider the entire section from the Mediterranean east- 
ward beyond Transjordania to the Arabian plateau, and may dwell on 
the fact that the Palestine and Transjordan plateaus present two paral- 
lel uplifts of closely similar elevation. Their similarity may be ex- 
pressed in the phrase which describes them as twin arches. 

As has already been stated, the highest axes of the two plateaus lie 
some 15 miles respectively west and east of the Dead Sea trough and are 
further separated by the average width of the trough, which is 10 miles. 
If we could raise the strip between the escarpments to their level, we 
would restore the once continuous surface of the Judean matureland, 
but it would appear warped to the form of two broad arches separated 
by the intermediate hollow, 40 miles across. The gently warped sur- 
face would represent the conditions immediately before the faulting be- 
gan. This stage actually existed, for we have shown by the study of the 
Kedron and similar streams that the slopes which descend from the 
plateaus to the escarpments are older than the cliffs. The land sur- 
face must therefore have once been continuous across the site of the 
trough. Rift and Ramp, however, did not agree as to the level at which 
it had stood or the manner of displacement. 


RIFT RAMP 


Referring to the original postu- The Judean matureland pre- 
late of a continuous arch, it would sented a surface which rose from 
appear that in this case that fea- the shores of the Mediterranean 
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ture extended from the Mediter- 
ranean to Arabia, a distance of a 
hundred miles in span. Its eleva- 
tion above sea was perhaps a mile 
in the highest section. It was, 
therefore, very flat and not self- 
supporting. It may, nevertheless, 
well have carried that fraction of 
its weight which would relieve the 
heated masses in a deep-seated 
zone of load to an extent which 
would permit them to melt. This 
condition would occur beneath a 
central section and would result in 
a failure of support, in conse- 
quence of which that section would 
subside and develop the hollow 
which we have observed. The ele- 
vations must have been much the 
same as those which now exist. 
The twin arches represent portions 
of the original single arch which 
have remained fixed in position, 
and we may take the general level 
of the summit of the escarpments 
as approximating that of the hol- 
low before the faulting began. 


ARCHES 
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with a gentle grade eastward. We 
have recognized that it antedated 
the development of the Palestine 
and Transjordan swells. When 
deformation began those swells 
were raised as parallel arches of 
moderate elevation. As they de- 
velop, the hollow may 
have remained stationary or may 
have been somewhat depressed. It 
does not appear that there is any 
evidence whatever that it rose with 
the adjacent arches or ever formed 
arch with 


between 


a continuous single 
them. 

At that stage when the twin 
arches had been raised the entire 
section from the Mediterranean to 
the Arabian plateau was under in- 
tense pressure, and the pressure af- 
fected rocks in a deep-seated zone 
in a region of high temperature. 
There was a certain amount of in- 
ternal shearing and consequently 
local increase of temperature, until 
the melting point was reached. 
Thin films of molten rock, melted 
on the shearing planes, relieved 
the friction and promoted displace- 
ment. The result was the up- 
thrusting of the Palestine plateau 
and the underthrusting of the 
Transjordan plateau, together with 
the depression of the Dead Sea 
block. 


Discussion OF PHE Rirr THEORY 


The conditions postulated by Rift present difficulties. 


An arch of 


rock one hundred miles wide and a mile or two high would exert 
against its ends or abutments a lateral thrust which would crush them. 


It would not be self-supporting to any appreciable degree. 


This being 
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recognized, it is difficult to understand how it could have been raised 
by lateral pressure from the attitude of the Judean matureland. The 
section would have yielded by shearing and would have risen on one or 
more overthrusts or ramps. But this is ramping. 

The alternative condition of elevation of the broad, plateaulike arch 
is the action of vertical forces, which should originate directly beneath 
it and lift it. The action would be that which Ramp postulates for the 
elevation of the twin arches, but it would be exerted under a much wider 
span. The concept presents no impossibility; indeed, it would not be 
difficult to cite plateaus of equal width which exhibit evidence of vertical 
uplift; but Rift, if he accepts that action as the cause of elevation, can 
not consistently postulate the opposite condition of failure of support. 

Failure of support is a necessary link in the chain of reasoning pre- 
sented by Rift. He sometimes assumes that it results from uparching 
of a segment of the earth’s crust in such a manner that the arch is 
self-sustaining. The proportion of its weight which it carries is usually 
not stated, but Rift, if he be pushed to an estimate, will admit that it is 
but a fraction of the total. Calculations by Hoskins indicate that it 
would be but a very small fraction, 3 or 4 per cent, perhaps. ?* 

Assuming that the fractional support of the weight of the arch by the 
arch itself is sufficient to create a partial vacuum or hollow space within 
the span, Rift suggests either that the keystone has sunk in or that 
there has been melting in consequence of relief of pressure, and that 
subsidence has followed the outflow of lava. 

The Keystone postulate is suggested by the position of the de- 
pressed strip along an axial line. The depression coincides with the 
axis of the arch, apparently, and thus must correspond structurally 
with the keystone. In order that the keystone should sink down, the 
stresses in the self-supporting arch must be reversed —tension, or at 
least relaxation, must replace compression. The conditions of this re- 
versal have been the subject of extravagant speculation, which need not 
be discussed. It may suffice to point out that relaxation of the stresses 
in an arch must come about through failure of the buttresses, which 
would be pushed apart or pulled away. A broad, flat arch of the 
dimensions indicated would simply flatten out. It would be im- 
possible to concentrate tension in a central section. The keystone 
could not sink in. The sides could not remain standing. 

The impractical nature of the Keystone explanation appeared so 
obvious that it was not entertained during the discussions between 
Rift and Ramp, but Rift relied on the outflow of lava, which could 





ey ¢. Chamberlin and R. D. Salisbury. Geology, 2d ed., vol. i, p. 582. 
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be connected with the observed basalt flows. He postulated that the 
uplift of the arch across Palestine and Transjordania was caused 
by lateral compression and had resulted in relieving the pressure on 
an underlying, heated mass sufficiently to cause melting. It is diffi- 
cult positively to controvert this time-honored, though rather vague, 
idea, which depends on the further assumption that the heated mass 
is at the critical state, when pressure and heat are nicely balanced 
and the solid is on the point of becoming iiquid. It is impossible to 
know the facts. 

In certain studies of the conditions that might promote melting 
in the assumed solid earth, I have given consideration to the hypothesis 
of relief of pressure at greater length than can here be entertained. ** 
It appears, however, that a competent arch (one which would relieve an 
underlying body of load) can develop only at moderate depths in the 
earth’s crust, where the temperature is not high enough to cause melting, 
and, per contra, that at the depth where the heat is so concentrated that 
the rock may approach the critical state, any relief of pressure by uparch- 
ing and lifting is mechanically impossible. The question may further be 
put to the test of observation by considering areas which have been un- 
loaded. The melting of ice-sheets, the erosion of mountainous areas to 
peneplains, have not been followed by volcanic activity. I conclude that 
the assumption that melting has been caused by relief of pressure is not 
supported by evidence and is mechanically impossible under the condi- 
tions existing in the Dead Sea region. 

Thus the two principal assumptions that Rift makes fail to stand up 
under critical investigation. The wide arch can not develop in a manner 
which would allow the keystone to drop down or which would cause melt- 
ing by relief of pressure. But Rift is not yet done. There is a third 
postulate, one which is consistent with mechanical laws and observed 
facts. 

Let it be assumed that a considerable mass of igneous rock has risen 
from the depths and has formed a batholithic or laccolithic body be- 
neath a surface layer a few miles thick. R. T. Chamberlin has recently 
shown that an intrusion of this character may usually assume an unsym- 
metrical, lenticular plan and arched upper surface.** The type has, 
of course, been well known since the publication of Gilbert’s Henry 
Mountains. The surface above the intrusion must assume an arched 
form. Let it be further assumed, as has often been the case, that the melt 





2 Bailey Willis: Comparative Seismology. Report on Chile. Carnegie Institution 
of Washington, in press, 1928. 
*R. T. Chamberlin and T. A. Link: The Theory of Laterally Spreading Batholiths. 
Jour, Geology, vol. xxxv, 1927, pp. 319-352. 
XXXV—BvULL. GEOL. Soc, AM., Vou. 39, 1927 
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breaks out laterally before its solidifies, and that the overlying mantle 
sinks in. The blocks may be bounded by irregular fractures or by more 
systematic fissures in case well defined structures or stresses determine 
their forms. It is possible that a rift valley might result from this 
sequence of events and it seems not improbable that the frequent associa- 
tion of volcanic fields with the rift valleys of East Africa points to some 
such genetic relation. Depressions produced by igneous intrusion, igne- 
ous outflow, and sequential subsidence would fall within the definition 
laid down by Gregory, namely, “valley produced by subsidence of a strip 
bounded by two parallel faults,” provided the fissures were parallel; but 
this is an important condition, requiring explanation. 

In the specific case of the Dead Sea trough the parallelism of the 
structural features is a striking fact and it appears inconsistent with 
the simple assumption of subsidence on an escaping molten mass. Other 
facts also remain unexplained. How can the observed effects of com- 
pression be brought into harmony with the conditions of tension that 
should result from doming by intrusion? How does it happen that the 
outflows of igneous rock are insignificant in the district of major fault- 
ing, whereas they are voluminous to the east and northeast of it? Again, 
it is not only the Dead Sea trough with which we have to do. It is 
intimately connected with the lowlands with which it is continuous, with 
the Jordan Valley, and the Plain of Esdraelon. The explanation which 
would account for the extraordinary trough should also account for these 
related, low-lying areas. Their plan is a peculiar one for a basin of sub- 








sidence. 

Thus the explanation of the Dead Sea trough and related structures 
as a Rift valley system bristles with difficulties. I have not found it 
possible to accept it, in spite of the weight of opinion by which it has 
been supported, and I have sought a theory which might be reconciled 
with the facts of the individual phenomenon. 


DiscUssION OF THE Ramp THEORY 


Rift might have to accept the conclusion that the rift theory did not 
fit the facts of deformation presented by the Dead Sea problem, but he 
was not prepared to accept the Ramp theory without demonstration of 
its appropriatness. There are certain questions to be answered: Why 
are the opposite walls of the Dead Sea parallel? Why are the swells of 
the two plateaus parallel to the escarpments of the Dead Sea and to 
each other? Why are they of similar altitude? Why is the Dead Sea 
depressed and what relation does that depression bear to the eruption of 
the basalt? 
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The answer to these several questions is to be sought logically in the 
assumption that they are related to a common cause. The features of the 
structure imply by their parallelism that they have resulted from the ac- 
tion of a simple system of forces. The general equality of elevations and 
depressions indicates that the similar masses have been affected by ap- 
proximately uniform stresses and have yielded to a nearly equal degree 
in each structure. 

The whole system of structures comprising the deformation of the 
Palestine and Transjordan plateaus, the development of the upthrusts 
bordering the Dead Sea, and the extrusion of the basalts is regarded as 
resulting from compression. The system includes also the folded moun- 
tains of Syria and their overthrust toward the southeast. It is an 
essentially homogeneous system, in that the folding, shearing, and ramp- 
ing involved in the movement have been similar mechanical effects of 
a common cause and have progressed during the same geologic epochs. 
The source of the pressure may for the purpose of this article be re- 
garded as an ultimate question; but in view of the enormous accumula- 
tion of energy involved in the displacement of large masses, and con- 
sidering the slowness of terrestrial reactions, we must assume that the 
development of pressure was a gradually cumulative effect. If so, the 
stress must have penetrated the solid elastic basement complex beneath 
Palestine, Transjordania, and Syria, from side to side, and must have 
produced a condition of elastic strain throughout the extensive founda- 
tions of those countries. 

It is possible that a mass which is thus brought into a state of com- 
pression may lie between two sources of pressure and may be pushed 
equally from both sides, but there is reason to believe that the more com- 
mon case is that in which there is a source of pressure on one side and 
an inert resistance on the other. The lack of symmetry in mountaiu 
ranges is an expression of this condition. 

Unsymmetrical folds and overthrusts usually develop with the steeper 
side directed away from the source of pressure. They are surface phe- 
nomena, features of a superficial plate which moves away from the source 
of pressure, and their form is a mechanical result of that movement over 
the surface. The displacement is not always, however, in this sense. It 
not infrequently happens that the pressure develops at such a depth be- 
low the surface that a displaced mass penetrates beneath a rigid super- 
ficial section, and in that case the folds and thrusts at the surface turn 
their steeper sides toward the source of pressure. Form is therefore not 
a sure criterion of the direction of active pressure. 

Surer evidence of the origin of pressure is found in the distribution of 
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intensity of the effects. Force is exerted in producing folds and thrusts 
and that force is used up. The residual pressure transmitted beyond 
any zone of effective reaction is less effective and produces less intense 
deformation. It is therefore a general rule that the results of com- 
pression are more intense on the side of the actively developing pres- 
sure. They diminish in a direction away from the source. Exceptions 
to the principle may occur where the resistances are unequal. A rigid 
mass of granite, for instance, may transmit pressure to a thickness of 
bedded sediments, and the latter may become intensely folded, while the 
granite exhibits comparatively little shearing. In the absence of special 
conditions, however, the rule applies. 

The superficial effects of compression as observed in the Palestine block 
indicate that the active source of pressure was west or southwest of it. 
The overturns and overthrusts suggest that the movement of a super- 
ficial plate has been away from that side. Similar conditions in the 
Syrian block indicate that it has moved toward the southeast, away from 
a western or northwestern source of pressure. In neither case is the 
evidence very definite, if we consider only the structural features of the 
Palestine and Syrian blocks. When, however, we compare them with 
the Transjordan block, we find that the internal features of the latter 
are less intensely developed. There are no superficial folds or thrusts 
of as intimate a character as those seen in Palestine. It would thus 
appear that the active source of pressure was under the Mediterranean. 
That this basin is a great dynamic center is abundantly demonstrated 
by the orogenic and volcanic activities which characterize its margins. 

It is desirable to note that compressive stress in the lithosphere may 
develop at various levels and may produce correspondingly diverse ef- 
fects. Pressure originating at a relatively shallow depth may shear off 
a superficial section and cause its displacement as an overthrust plate 
whose advancing front is characterized by folds and thrusts. Deeper- 
seated reactions may result in pressure that does not directly affect the 
surface, but that displaces and compresses bodies in the foundations of 
the crust. The superficial effects then appear as warped surfaces or as 
upthrust horsts (see figure 2). 

It is along these lines of analysis that tlie features of Palestine and the 
Dead Sea trough may be explained. 

We have distinguished two periods of deformation, one which pre- 
ceded the erosion of the Judean matureland and another which followed 
that episode of inactivity. The work of the earlier activity is recognized 
in the minor folding of the stratified rocks of Palestine. It was a super- 
ficial effect, so far as the evidence can be observed. The work of the 














ay 
sf - 
off 


T- 
he 
of 
as 


he 





DISCUSSION OF RIFT THEORY 535 


later activity has been to warp the surface and to displace masses of 
the size of the Palestine and Transjordan blocks. The zone of action 
may reasonably be assumed to have lain at greater depths. 

The action of deep-seated compression on the foundations of the 
Palestine block is assumed to have had an initial effect of shortening 
the mass from west to east. A certain amount of elastic compression 
must have resulted, and a lessening of volume in consequence of change 
toward the denser minerals is possible, but the total effect of shorten- 
ing exceeded these adjustments and demanded elongation of the mass 
in the direction of least resistance—that is, vertically upward. The re- 
sult is the Palestine swell. It is a broad arch which has been produced 
by the vertical upswelling of the solid rocks of the basement complex. 
The process of movement has been by intimate displacement of innum- 
erable shearing planes. This process should develop tension and normal 
faultimg in the superficial skin, and slight faulting of that kind may be 
observed in the Palestine arch (see plate 14, figure 1). 

It has been demonstrated experimentally that compression results in 
producing a rigid body which moves forward on a shearing plane that 
develops beneath it. It is postulated that this effect followed the com- 
pression of the deeper portion of the Palestine block, and that it began 
to move eastward along a thrust-plane. Mechanical principles require 
that a thrust or shearing plane shall be flat so long as the resistances are 
uniform, but shall curve toward a surface of less resistance where such 
an opportunity for escape is offered. In the earth’s crust the direction 
of least resistance is always upward, and shearing planes developed at 
any inclination will tend to rise in that direction. Such a plane is a 
ramp. 

According to this view, the swell of the Palestine plateau and the eleva- 
tion of the eastern side of the Palestine block above the Dead Sea block 
were common effects of a pressure that originated in a deep-seated source 
under the Mediterranean. 

There is nothing original in this suggestion. It amounts to nothing 
more than the recognition of a single upthrust, such as is one element 
of the well known Highland structure of Scotland. Such a structure 
consists of a major sole or thrust and more or less numerous minor 
thrusts. The ramp that bounds the Palestine block on the east is one 
minor thrust, which in its downward extension should pass into the flatter 
position of a major thrust. 

We may now turn to the further development of the structure. 

The escarpment which bounds the Dead Sea on the east parallels the 
western escarpment and is very like it in all respects. They are similar 
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structural effects and should be explained in one and the same manner. 
They are, however, opposed in direction, and thus present a somewhat 
unfamiliar, though mechanically not unnatural, relation. We are deal- 
ing with shearing planes, and it is well established that such planes 
usually develop in two parallel systems which intersect and diverge with 
opposite inclinations. The parallelism and opposition of the upthrusts 
on opposite sides of the Dead Sea thus appear to conform to the require- 
ments of shearing planes which have resulted from a common orientation 
of pressures and resistances. There is no difficulty in understanding a 
structural effect of this kind when seen in a model or observed on a small 
scale in nature. It is the large scale of these upthrusts and their separa- 
tion by the width of the Dead Sea that impose difficulties in visualizing 
the relations. 

The Transjordan block closely resembles the Palestine block, not only 
in the elevation of its margin above the Dead Sea, but also in the swell- 
ing of the surface at a similar distance away from that margin and 
parallel to it. The swell is interpreted, as in the case of the Palestine 
block, as a result of deep-seated compression and vertical elongation. It 
differs from the Palestine swell, however, in that its surface does not 
descend beyond the axis in the direction away from its upthrust margin, 
but continues to rise into the higher plateau of Arabia. Thus the effect 


of deep-seated shearing and elevation extends beyond it into the Arabian 


mass. 

The Dead Sea biock was thus cut out of the outer shell of the litho- 
sphere by two shearing planes, according to the above analysis. The 
Palestine and Transjordan plateaus rose on its sides and pinched it be- 
cween them. From the deformation of their internal masses, it follows 
that the pressures were sufficient to crush the rock, and the Dead Sea 
block could not have escaped similar shearing and squeezing. The con- 
vexity of the upward curving ramps would thus be increased and the 
corner between them would be narrowed to an inverted keel. The mass 
of the block would, however, be subjected to the downward thrust of 
components of the horizontal pressure and would be forced down, even 
against the resistance of the solid earth. The effect would be to compress 
it elastically and probably to squeeze it out of shape. 

This explanation does not, however, satisfy all the conditions, for we 
have inferred that the active pressure is exerted from the west, and that 
the Arabian mass offers only passive resistance. Under those circum- 
stances the Transjordan block could rise along the ramp that divides it 
from the Dead Sea block only in case the latter were thrust eastward 
underneath it. This implies the existence of a deep-seated sole beneath 
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the Dead Sea block, on which it could move. We are at once faced 
with one of the major difficulties which we meet in attempting to ex- 
plain extensive overthrusts; the friction beneath loads of such weight 
would, under ordinary conditions, be so great as to prohibit movement. 
It is necessary to postulate exceptional conditions, and these may be 
found in the development of high temperature. 

The inferred major thrust-plane constituting the base of the Dead 
Sea block should lie at a depth at which the internal temperature of the 
crust is high and only excessive static pressure prevents rock from 
melting. Under these conditions unbalanced strain promotes the tend- 
ency to melt, and melting would eventually follow as a result of an in- 
creasing stress intensified in a zone of shear. A thin film of molten 
rock would destroy friction and permit an overlying mass to move as 
on a lubricated surface. This condition might not result effectively if 
the rock which yielded to temperature merely became pasty, as granite 
does, but it would follow readily if the melt were liquid, as that of basalt 
is. Basalt has been extruded in large masses east of the Dead Sea block, 
in positions such as it should have reached if melted beneath the gen- 
eral region of the Dead Sea and squeezed out by pressure exerted from 
the west. The reasoning thus brings into rational coordination the sup- 
posed movement of the Dead Sea block and the extrusion of the basalt. 

In presenting the preceding argument to account for all the struc- 
tural phenomena connected with the Dead Sea, attention has been fixed 
on the section in the general latitude of Jerusalem, extending from west 
to east, from the Mediterranean to Arabia. That is the region where ex- 
traordinary conditions focus observation. It was found, however, that 
neighboring areas presented features which must be considered and inter- 
preted as part of the complete structure, and they demand further study. 


HYPOTHESIS OF FOUR BODIES 


I would direct attention to the Dead Sea, the Jordan Valley, the Val- 
ley of Jezreel, atid the Plain of Esdraelon, which constitute a continuous 
lowland. We may conceive the surface as extending eastward urder the 
basalt flows that lie east of the Jordan Valley, south of Mount Hermon. 
The continuity of this surface suggests the presence of a large, unbroken 
mass beneath it. ‘The southern part of the mass is what we have called 
the Dead Sea block, but that is merely the depressed section beneath the 
Dead Sea. The great body appears to be much more extensive. It may 
appropriately be called the X body, for reasons that will presently be 
obvious. 

Three other masses have been distinguished, namely, the Palestine, 
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Transjordan, and Syrian blocks. Together with the X body, they con- 
stitute a group of four bodies, which make up the architectural struc- 
ture of the region. 

According to the general explanation offered by the Ramp theory, the 
contacts between these several masses are thrust-faults. The Palestine 
and Syrian blocks are thrust on the X body and the latter is thrust under 
the Transjordan block. The horizontal plan of the thrusts is unusual, 
in that the directions of movement are not such as would follow from 
the application of a simple compression on a homogeneous mass. They 
are diverse and suggest diverse origins or diverse resistances, or both. 

Ramp sought to explain the parallelism of the twin arches and Dead 
Sea ramps by interpreting them as effects of shearing which developed 
in parallel systems. There is reason in the argument, but it is not en- 
tirely satisfactory. The structures are large. One may question whether 
the masses would be so homogeneous as to permit the development of 
ideal conditions of stress and of strains in nice mathematical orienta- 
tion. It is logical to postulate compression in one direction, pervading 
the entire section, but the resistances, which direct the ultimate yielding, 
would have unlike orientations unless there were some controlling condi- 
tion in a preexisting structure. I infer that there was some such con- 
dition, and that it determined not only the parallelism of the Dead Sea 
structures, but also the lack of parallelism of the related displacements 
of the Palestine and Syrian blocks. 

The position and form of the X body offers a solution of the problem. 
It is now observed to extend beneath the other three blocks. Let it be 
postulated that this was its original position, and that the displacements 
which the other blocks show with reference to it represent movements 
on planes of contact originally established during the earlier history of 
the region. 

Proceeding inductively as far as the facts permit, we may recall the 
fact that the Paleozoic sediments, which are exposed southeast of the 
Dead Sea, are metamorphosed and intruded by igneous dikes. Let it 
be assumed that the latter represent a larger igneous mass of laccolithic 
or batholithic character, which extends beneath the area of the X body. 
The upper surface of the body would presumably be convex and its 
general form would be more or less that of a lense. 

It follows from observation that the Judean matureland was eroded 
across the entire area of Palestine, Transjordania, and Syria, and that 
it also extended over the intervening stretches, where the X body now 
lies buried under recent sediments. Erosion had thus exposed the upper 
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surface of the X body, which may be regarded as approaching, if not 
coinciding with, that of the supposed intrusion, and the Palestine, Trans- 
jordan, and Syrian blocks were isolated on its sloping flanks. They did 
not, however, rise high above it. 

At a subsequent stage, when the region came under a gradually de- 
veloping stress, the lenticular mass of the X body offered the resistance 
of a rigid strut. It became an obstacle to the displacement of the Pales- 
tine and Syrian blocks, which rose on it, on or parallel to their contacts 
with its upper surface, and it was itself forced under the Transjordan 
block with the results already suggested. 
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FictreE 7.—Diagrammatic Representation of the Views developed to account- for the 
Facts observed in studying the Dead Sea Problem. 


The whole mass is regarded as under compression. The Palestine and Transjordan 
blocks have risen on the underlying ramps. The hypothetical X body has acted as a 
strut and has been pushed toward the right. Melting has resulted from heating and 
shearing and the liquid rock bas been forced out, while it has facilitated movement 
by reducing friction. 


The hypothesis of the four bodies is frankly to be recognized as a 
speculation. The existence of the X body is hypothetical. The body is 
unknown, as its name implies. Its existence seems probable, none the 
less, especially if we proceed on the sound principle that geologic struc- 
tures are local phenomena and should be explained as the effects of 
stresses transmitted through masses of limited size, which constitute the 
heterogeneous crust of the earth. 


EARTHQUAKE EVIDENCE 


It is not often that the geologist is favored with direct evidence of 
the dynamic activity of the structure which he is investigating. An out- 
standing instance occurred in 1906 in connection with the earthquake in 
northern California. A number of eminent geologists were then on the 
spot, aud they were able to observe that the earthquake was due to hori- 
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zoutal displacement in consequence of intense compression and shear? 
From their observations sprang the theory of elastic rebound, which is 
recognized as the most reasonable explanation of tectonic earthquakes. 

A severe earthquake shook Palestine and Transjordania on July 11, 
1927. I happened to arrive in Jerusalem on July 12, and through the 
courtesy of the British administration was afforded opportunity to in- 
vestigate the effects of the shock in the several areas of destruction. 

The earthquake shook the entire Palestine block west of its central 
axis. It was particularly severe on the Mount of Olives, and may there- 
fore be connected with the fault which enters that elevation from the 
north. It was also of high intensity, 30 miles west of the axis, in the 
coastal plain of the Mediterranean. Cities in the far south, such as 
Beersheba and Hebron, and others in the north, such as Nablus, were 
shaken with equal violence—that is to say, the elastic waves were re- 
leased on a surface underlying the western slope of the Palestine plateau 
or were propagated throughout the mass from some center from which 
they entered it effectively. 

A less extensive shock simultaneously shook the Transjordan block 
and was of sufficient violence to ruin many houses in the cities of Amman 
and Es Salt. The area of high intensity was, however, not over 15 miles 
in diameter. 

The Dead Sea trough and Jordan Valley lie between the two areas 
of destructive action of the earthquake, and one would expect that they 
would have experienced similar violence. There was notable destruc- 
tion in Jericho, but examination of the character of the buildings de- 
stroyed and of those which remained standing in Jericho indicated that 
the shock had not been particularly severe at that point. And when 
we contrast the aliuvial foundations of that city with the rock founda- 
tions of buildings on the Mount of Olives and in Amman, we recognize 
that the damage in Jericho was in large measure due to the character 
of the foundation material. 

A critical demonstration of the moderate intensity of the shock in the 
immediate vicinity of the Dead Sea was afforded by the conditions at 
the convent of Mar Saba, which is situated in the gorge of the Kedron, 
between 2 and 3 miles west of the Dead Sea fault. The massive masonry 
walls of the convent are topped by piles of loose broken stone heaped 
up to the angle of rest, and therefore in a position in which earth- 
quake vibrations would readily displace them. They were not shaken 
down to any considerable extent, and the earthquake was described as 
slight by the Father Superior. 
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These facts of distribution of earthquake intensity are peculiar and 
significant. They sharply contradict one’s expectations. It was the 
general and reasonable assumption among intelligent people in Jerusalem 
that the shock originated on the Dead Sea faults, but the evidence proved 
that it did not. The two areas of high intensity, situated respectively 
in Palestine and the Transjordan block, were separated by a minimum 
distance of 30 miles and appear obviously to have had distinct foci. The 
disturbance was a double or twin earthquake, and yet the twin shocks 
were so closely related in time that there can be no doubt they were also 
related in cause. 

The amount of energy released was comparable with that which is 
stored up by compression and elastic strain in areas where shearing is 
known to be the mode of deformation connected with earthquakes. Minor 
tremors are known to be connected with the dropping of blocks under 
gravitative stress, and there is some difference of opinion between 
seismologists as to the amount of energy which may be released by such 
a falling block. There is no doubt, however, that elastic strain due to 
compression is the cause of great destructive shocks. 

Palestine and Syria have been the scene of great earthquakes as far 
back as the records go in the Old Testament. During several thousand 
years they have been severely shaken at frequent intervals, and no 
geologist will question the statement that the activity had long been in 
progress when the historical record began. Nearly 200 disastrous shocks 
have been recorded since 1470 B. C. They have destroyed cities in 
Syria and Palestine at points remote from the Dead Sea, and it, is prob- 
able that they also destroyed ancient cities in the Dead Sea trough 
itself. The inference is clear that one and the same cause has resulted 
from time to time in the accumulation of destructive egergy—now 
here, now there—within the entire region. 

Reasoning from these facts, the earthquake of July 11, 1927, appears 
to have resulted from pressure which affected the foundations of the 
Palestine block and penetrated through the Dead Sea block into the 
Transjordan block. A slip beneath the western portion of the Palestine 
block released the elastic strain which had accumulated there and the 
vibrations emerged with destructive violence throughout the mass, as far 
east as the Mount of Olives. There was no marked displacement on 
the Dead Sea ramps, which may be assumed to have been restrained by 
friction from slipping, but the vibrations passed through the inverted 
keel and released a minor section of a thrust underlying the area of dis- 
turbance in Transjordania. 
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The postulate of the existence of tangential compressive stress affords 
a more rational interpretation of the earthquake phenomena than any 
assumption of gravitative displacement. It thus supplements the con- 
clusions drawn from the geologic evidence and indicates that the Dead 
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Sea lies in a Ramp valley.” C 





* Bailey Willis: Earthquakes in the Holy Land. Bull. Seismological Soc. Am., Vol. 18, 


1928, pp. 73-100. 
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INTRODUCTION 


The Pittsburgh-Huntington basin is the broad, spoon-shaped syncli- 
norium that lies between the axis of the Cincinnati anticline and the 
eastern margin of the Appalachian plateaus and extends from New York 
to Kentucky. It includes and in large part is coextensive with the 
northern Appalachian coal field. The southern end of the basin is marked 
by one of the major changes in Appalachian trend, from north 70 de- 
grees east to north 30 degrees east, and by a zone of faults that extends 
from east to west across the State of Kentucky. To the southwest the 


synclinal structure continues in the narrow trough of the southern 


Appalachian coal field. 

The structure of this region has long been known, and detailed struc- 
ture maps of a large part of it have been published, but no generalized 
structure map of the basin as a whole, based on the detailed studies, has 
been compiled. In connection with work on several quadrangles in west- 
ern Pennsylvania, the writer felt the need of such a map of the basin 
and prepared those here reproduced (see figures 2, 3, and 4). These 
maps bring out relations that are not evident on maps of small areas 


‘Manuscript received by the Secretary of the Society March 17, 1928. 
? Published by permission of the Director, U. S. Geological Survey. 
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and they show the effect on the rocks of the plateau of the dying out 
of the forces that produced the major features of the Appalachian struc 
ture farther east. 

The maps were compiled from the following sources: For Pennsyl- 
vania, in addition to unpublished data, the maps on a scale of one inch 
to a mile, with contour lines at intervals of 10 to 50 feet, in the folios 
and bulletins of the U. S. Geological Survey and the Atlas Reports of 
the Topographic and Geologic Survey of Pennsylvania; for West Vir- 
ginia, the maps on a scale of one inch to a mile, with structure con- 
tours of 25 to 50 feet intervals, published with the county reports of 
the West Virginia Geological Survey; for Ohio, the maps by the U. S. 
Geological Survey covering five quadrangles in the eastern part of the 
State. In 1926 the writer compiled a sketch.structural map of the 
eastern part of Ohio, based chiefly on the collection of well records as- 
sembled by the State Geological Survey. Recently small-scale struc- 
ture-contour maps of Ohio have been published by Kenneth Cotting- 
ham, * geologist of the Ohio Fuel Gas Company. 


GENERAL RELATIONS 


The areal distribution of the rocks (see figure 1) shows the spoon- 
shaped structure of the Pittsburgh-Huntington basin. The central part 
of the region, in southeast Ohio, southwest Pennsylvania, and north- 
west West Virginia, is floored with beds of Permian age, which are sur- 
rounded by outcrops of Pennsylvanian beds ; and Mississippian, Devonian, 
Silurian, and older rocks crop out in sequence along the western, north- 
ern, and eastern margins of the basin. 

These beds were deposited in the Appalachian geosyncline, an epicon- 
tinental marine basin, which throughout the greater part of Paleozoic 
time was a downwarping area in which a mass of sediments having a 
maximum thickness of some 40,000 feet accumulated. The area of 
greatest subsidence in the geosyncline during most of Paleozoic time 
lay a hundred miles or more east of the Pittsburgh-Huntington basin. 
The axis of this geosyncline shifted from time to time and in late 
Carboniferous time apparently corresponded approximately with the 
axis of the basin as shown on the contoured maps. 

The downwarping of the geosyncline, which in general kept pace with 
the deposition of the sediments, was interrupted several times during the 
Paleozoic era by regional uplift. These ups and downs and the cor- 


’Kenneth Cottingham: Structural conditions in portions of eastern Ohio. Bull. 
Am. Assoc. Petroleum Geologists, vol. 11, 1927, pp. 945-958. 
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responding retreat and advance of the sea produced hiatuses and over- 
laps, but the most pronounced stratigraphic variation is the great in- 
crease in thickness of the rocks from west to east. 
by the structure maps the thickness of the rocks between the approximate 
horizon of the Berea sandstone, of early Mississippian age, and that of 
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FIGURE 1.—Geologic Sketch Map of the Pittsburgh-Huntington Basin and adjacent Areas 


3. Mississippian. 5. Silurian. 


1. Permian. 
6. Ordovician. 


2. Pennsylvanian. 4. Devonian. 


the Oriskany sandstone, of Lower Devonian age, increases from about 


900 feet in central Ohio to between 8,000 and 9,000 feet just east of the 
Allegheny front in Pennsylvania. 

The structure of the Pittsburgh-Huntington basin is the result of the 
operation of forces whose vertical component was dominant—those that 
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produced the uplifts and depressions of the Appalachian geosyncline— 
and forces whose horizontal component was dominant—compressive forces 
that produced the closed and overturned folds and thrust-faults in the 
eastern part of the Appalachian Province and that decreased in intensity 
westward. 

CoNTOURS 


The general structure of the beds at and near the surface is shown on 
figure 2 by 500-foot contours, and more detailed structure is shown in 
figures 3 and 4 by 100-foot contours. The contours do not show the 
structure of the deep-lying rocks, especially of those in the central and 
eastern part of the basin; for, on account of the unconformities and of 
the pronounced eastward thickening of the beds. the deep-lying rocks 
are not parallel with the surface rocks. 

For Pennsylvania and West Virginia the contours are drawn on the 
Pittsburgh coal, which underlies a large part of the area shown on the 
maps. For areas in which the Pittsburgh coal is absent the structure is 
based on the elevations of beds from which the position of the Pitts- 
burgh coal was estimated. In these areas the contours indicate only 
relative dip and not actual elevation. 

For eastern Ohio the contours are drawn on the Berea sandstone, the 
average stratigraphic distance of which belew the Pittsburgh coal along 
the Ohio-Pennsylvania boundary is approximately 1,600 feet. The 
Berea sandstone crops out a few miles south of Lake Erie and is ex- 
posed in a narrow belt extending north and south across the central part 
of Ohio. This very persistent bed underlies almost the entire eastern 
part of Ohio and adjacent parts of Pennsylvania and West Virginia and 
is readily identified by well drillers. West of the area occupied by the 
Berea sandstone the structure contours are drawn on the Trenton (?) 
limestone, which in central Ohio lies approximately 2,500 feet below the 
Berea sandstone. 

Although in a map of this large region it is necessary to use more 
than one key horizon in drawing structure contours, yet the contours 
shown afford a general idea of the structure of the region. The minus 
1,000-foot contour on the Berea sandstone in eastern Ohio practically 
coincides with the 500-foot contour on the Pittsburgh coal in Pennsyl- 
vania and West Virginia, and 1,500 feet is not far from the average 
interval between these horizons in the area where the contours meet. 
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GENERAL STRUCTURE 


The Pittsburgh-Huntington basin lies between two of the westward- 
projecting salients * of the Appalachian Highlands, and, in it correspond- 
ing curved structural trends are developed. Southwest of the basin the 
narrow trough of the southern Appalachian coal field trends north 30 
degrees east. At the southern end of the basin the trend is north 70 
degrees east. Farther north the trend becomes north 45 degrees east, 
and at the northeastern end of the area mapped a more easterly trend is 
developed. The trend of the Cincinnati anticline in general is parallel 
to that of the Appalachian Valley, but the curves are less pronounced, 
and a north-south trend is developed on its flanks in central Ohio. 

The axis through the lowest part of the basin, determined by the lay 

of the Pittsburgh coal, extends in general from northeast to southwest 
through Pittsburgh and a point about 10 miles south of Huntington, 
West Virginia. This axis is interrupted by the Burning Springs anti- 
cline, which trends from north to south. Southwest of the Burning 
Springs anticline the axis of the basin is marked by the Parkersburg 
syncline, the lowest part of which is about 15 miles south of Marietta, 
Ohio. Northeast of the Burning Springs anticline the axis of the basin 
is marked by the Middlebourne-Nineveh syncline, the lowest part of 
which is near the southwest corner of Pennsylvania. The 500-foot con- 
tour of the Pittsburgh coal and the minus 1,000-foot contours on the 
Berea sandstone outline the lower part of the bowl of the spoon-shaped 
basin. 
From the low places along the axis of the basin the beds rise north- 
eastward and southwestward at rates ranging from 15 to 20 feet per 
mile. Transverse to this axis the rocks rise northwestward toward the 
axis of the Cincinnati anticline, a distance of 160 to 180 miles, at rates 
ranging from 20 to 60 feet per mile, and southeastward toward the rim 
of the Appalachian plateaus, a distance of 80 to 100 miles, at an average 
rate between 50 and 100 feet per mile. The long southeastward slope 
and the relatively short and steep northwestward slope of the basin are 
typical of Appalachian folds (see page 549). 

On the northwest flank of the basin, in Ohio, the strike changes from 
north-south to northeast-southwest to east-west. The general low mono- 
clinal dip is modified in the southeastern part of the State by two broad 
undulations, a trough and an adjacent arch with southward plunging 
axes. The trough marks the northward continuation of the Parkersburg 





*Arthur Keith: Outlines of Appalachian structure. Bull. Geol. Soc. Am., vol. 34, 
1923, p. 313. 
XXXVI—BULL. Geox. Soc, AM., Vou. 39, 1927 
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cyncline. Where detailed surveys have been made the presence of minor 
warping is shown, as indicated on the maps of five quadrangles in east- 
ern Ohio that have been published by the United States Geological Sur- 
vey, and by the small anticlines near Wooster, 80 miles northeast of 


Columbus.* The folds on the northwest flank of the basin, however, 


are slight compared with those on the southeast flank. 

The southeast flank of the basin is complicated by secondary folds, 
which are more numerous and pronounced in Pennsylvania, Maryland, 
and northern West Virginia than in areas farther south. 

In a large part of southern West Virginia west of the margin of the 
plateau the general structure is monoclinal, without the pronounced sec- 
ondary folding that is common farther north. This condition is illus- 
trated by the 500-foot contours on figure 2. The general absence of pro- 
nounced secondary folds in this part of the basin is presumably due in 
part to the greater resistance to folding offered by increased thickness 
of the sandstone of the Pottsville formation and ef the massive Green- 
brier limestone, and, in part, to the presence along the margin of this 
portion of the Appalachian Plateau of thrust-faults that tended to re- 
lieve the pressure on the rocks west of them. 


Cross-STRUCTURES 


Cross-structures whose trends are transverse to the prevailing trend 
occur singly or in irregular zones in different parts of the Pittsburgh- 
Huntington basin, but are especially well marked in the central part. 

The most pronounced cross-structure is the Burning Springs anti- 
cline, a sharp fold that rises abruptly among flat-lying rocks. It trends 
north-south and is about 30 miles long and less than 5 miles wide. A 
double crest separated by a saddle is developed on its axis, from which 
the beds dip in all directions. At its south end the Burning Springs 
anticline merges into the northwestern flank of the Arches Fork anti- 
cline, the axis of the one fold trending almost at right angles to that 
of the other. North of Ohio River the northward-pitching Burning 
Springs anticline merges into the broad, southeastward-pitching arch 
that lies east of the Parkersburg syncline. 

South of the Burning Springs anticline the cross-structure is marked 
by the termination of the northeastward-pitching Warfield anticline and 
of the adjacent Coalburg syncline. It is also marked by the discon- 
tinuance of the Arches Fork anticline and the Robinson syncline, by 
the local termination of the southwestward-pitching Chestnut Ridge 





5C. A. Bonine: Anticlines in the Clinton sand near Wooster, Wayne County, Ohio. 
U. S. Geol. Survey Bull. 621, 1915, pp. 87-98. 
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anticline, by the termination of the Grassland syncline, and by the de- 
velopment of several wrinkles that trend northwest-southeastward on the 
monocline between Charleston and the edge of the plateaus. A small 
cross-fold is well developed southeast of Huntington. 

Another zone of cross-structure occurs in the northern part of West 
Virginia, which zone is marked by the northward termination of the 
Middlebourne and Robinson synclines, the Wolfe Summit anticline, the 
Shinnston syncline, and others indicated by the contours but not named 
on figures 2 and 3. This zone does not cross the Chestnut Ridge anti- 
cline, although it is marked by the termination of a long, steep south- 
westward plunge in the axis of that anticline, east of which the cross- 
structure is continued by the termination of the Grassland syncline and 
of the northward-plunging Hiram anticline and Bellington syncline, 
which are separated from smaller folds on the north. Other cross- 
structures not so well marked, are developed farther north in Pennsyl- 
vania, as shown on figure 4. 


Some DetatLs oF Foips 


Some details of the secondary folds on the east flank of the Pitts- 
burgh-Huntington basin are shown in figures 3 and 4, by structure con- 
tours drawn at intervals of 100 feet. Unless the scale of the map be 
borne in mind, however, the closeness of the contours may be mislead- 
ing. Throughout a large part of the basin the dips are so slight that 
they can be detected only by the aid of instruments, and even on the 
steepest folds the dip rarely exceeds 15 degrees. 

The folds consist of an irregular succession of long, narrow anticlines 
and synclines. In general they are parallel and conform with the major 
Appalachian trends, but in detail many of the folds are divergent. They 
commonly range between 5 and 10 miles in width, bh t are of diverse 
lengths. Most of them are less than 20 miles, many are between 40 and 
60 miles, and a few are 100 miles or more long. Many of the short 
folds branch off from the flanks of adjacent longer folds. The Chest- 
nut Ridge anticline and its continuation southwestward, the most per- 
sistent and well developed fold in the basin, is more than 300 miles long 
within the region shown on the map, beyond whick it extends an unde- 


termined distance. 

Unlike most of the folds of the bordering Appalachian Valley province, 
many of which have axial planes that dip to the east and steeper dips 
on their western flanks, the secondary folds of the Pittsburgh-Hunt- 
ington basin are in general symmetrical. With some exceptions the 
folds increase in magnitude eastward, toward the more closely folded 
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belt of the Appalachian Valley. Outside of the zone of irregular warp- 
ing in the central part of the basin the same bed is generally higher 
in the bottom of each successive syncline and on the crest of each suc- 
cessive anticline in a southeastward direction, but there are many ir- 
regularities. A typical instance is seen in a section across the strike in 
Pennsylvania, in the quadrangles northeast and southeast of Pittsburgh, 
where the Latrobe and Greensburg synclines are deeper than the synclines 
nearer the axis of the basin, and the two anticlines in the quadrangles 
south of Johnstown are lower than the Laurel Hill anticline farther 
west. 

There is much variation in the intensity of the folding. On the flanks 
of the Burning Springs anticline, in the center of the basin, where the 
surrounding rocks are practically flat, the dip is more than 1,000 feet 
per mile, and on the Chestnut Ridge anticline, near the center of the 
eastern flank of the basin, and on some of the folds along the Allegheny 
Front, the dip is similarly steep. But there are striking differences 
even on adjacent folds. In the quadrangle southwest of Johnstown, 
Pennsylvania, for instance, on the flanks of the Johnstown syncline, the 
dips are at the rate of 1,000 feet per mile, whereas on an adjacent dome 
they are at the rate of 200 feet per mile. In the quadrangle northwest 
of Johnstown a broad area of low-lying rocks occur immediately west 
of the steep Chestnut Ridge anticline. 

The axes of none of the folds are straight for more than a few miles. 
They are characteristically curved in a horizontal plane, although their 
general direction conforms with the regional trend. In a vertical plane, 
also, the axes of the folds are characteristically undulating. They pitch 
toward low points and rise toward high points. The result is that along 
the axes of synclines there is a series of hollows and protuberances, and 
along the axes of anticlines there is a series of knobs and depressions. 
It has already been pointed out that several low points toward which the 
axes pitch extend in rough alignment across the general strike. Along 
parts of adjacent folds whose axes rise and pitch in unison, such as the 
Hiram anticline and the Bellington syncline, in eastern West Virginia, 
the low point on the axis of the anticline is opposite the low point on 
the axis of the syncline. Along the axes of other folds, such as the 
Chestnut Ridge anticline and the Grassland syncline, a local high on the 
anticline is adjacent to a local low on the syncline. In other places, as 
in the quadrangles southwest of Altoona, Pennsylvania, high points on 
anticlines and low points on synclines are in linear arrangement across 
several folds; for instance, the Laurel Hill anticline, the Johnstown 
syneline, the Wilmore svncline, and the intervening anticline, causing 
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a double alternation of highs and lows in linear arrangement. Similar 
relations have been pointed out by Ashley and Campbell. * 

A not uncommon feature is the appearance and disappearance of sev- 
eral minor flexures between two major folds. For instance, the axes 
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Figure 4.—Structure-contour Map of Southwest Pennsylvania 


Contour interval, 100 feet, datum sealevel. 
Contour based on Pittsburgh coal. 





°G. H. Ashley and M. R,. Campbell: Geologic structure of the Punxsutawney, Cur- 
wensville, Houtzdale, Barnesboro, and Patton quadrangles, central Pennsylvania. U. S. 
Geol. Survey Bull. No. 531, 1913, pp. 69-89. 
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of the Chestnut Ridge and Laurel Hill anticlines, in the quadrangles 
west and southwest of Johnstown, Pennsylvania, are il miles apart 
and are separated by only one syncline. In the quadrangle 30 miles to 
the northeast, where the axes of these two anticlines are 15 miles apart, 
they are separated by the Brush Valley syncline, the Nolo anticline, and 
the Barnesboro syncline. Thirty miles farther northeast these three in- 
termediate folds have ceased, so that there is only one basin between 
the Laurel Hill and Chestnut Ridge anticlines. 

Another but somewhat different example of the absence of folds is 
shown in the Johnstown Quadrangle in Pennsylvania, and in the quad- 
rangles immediately east, south, and southwest of Johnstown. Between 
the axis of the Laurel Hill anticline and the anticline whose western 
limb forms the Allegheny front in the Johnstown quadrangle and in 
that east of it, there are the Johnstown and Wilmore synclines and an 
intervening anticline. A few miles to the south, in the quadrangles 
south and southwest of Johnstown, there are five folds in the same 
structural interval. In a small area adjacent to the boundary between 
the Johnstown Quadrangle and that immediately south of it, two folds 
on the north and four on the south disappear and the strata slope con- 
tinuously westward for 16 miles, from the Allegheny front to the axis of 
the Johnstown syncline. 

These features illustrate the diverse results of forces of varying in- 
tensity, representing the dying out of the energy that produced the great 
Appalachian folds and faults farther east, acting on rocks of varying 
resistance in the Plateau province. 


STRUCTURE OF THE DEEP-LYING Rocks 


The structure of the deep-lying rocks has not been determined in much 
of the Pittsburgh-Huntington basin. In a number of quadrangles, how- 
ever, structure contours based on the logs of oil and gas wells have been 
drawn. Although the Pennsylvanian and uppermost of the Upper 
Devonian beds are not parallel, in small areas where the structure of 
both series has been determined, although there are differences in de- 
tails, there is general agreement in structure; but where beds of older 
age are considered over large areas the effect of the eastward thicken- 


ing of the rocks is pronounced. 
Sketch contours drawn on the Oriskany sandstone (Lower Devonian), 
based on outcrops east of the Allegheny front and on the records of deep 
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wells * in the interior of the basin, show a marked divergence between 
surface strata and deep-lying rocks. For instance, between the Geary 
well (People’s Gas Company Well No. 770), 15 miles west of Pitts- 
burgh, and the Booth and Flinn well (People’s Gas Company Well No. 
1588), 4 miles northwest of Ligonier, Pennsylvania, a distance of about 
50 miles, a bed of sandstone that lies approximately at the horizon of 
the Oriskany sandstone descends eastward about 800 feet, whereas be- 
tween these two wells the Pittsburgh coal rises eastward about 1,500 
feet. In the Booth and Flinn well the sand approximately at the horizon 
of the Oriskany sandstone lies 5,800 feet below sealevel. While some 40 
miles east in Blair County, Pennsylvania, just east of the Allegheny 
front, the Ridgeley sandstone of the Oriskany group crops out at eleva- 
tions above 1,000 feet. The axis of the basin, as indicated by the posi- 
tion of the horizon of the Oriskany sandstone, is approximately 50 miles 
east of the axis, as indicated by the position of the Pittsburgh coal. 





71. C. White: Discussion of some very deep wells in the Appalachian oil fields. 
Introduction to Barbour-Upshur-western Randolph Report, West Virginia Geological 
Survey (1918). 

David B. Reger: The possibility of deep sand oil and gas in the Appalachian 


geosyncline of West Virginia. Trans. Am. Inst. Min Eng., vol. 56, 1917, 856-875. 





J. French Robinson: Geology of the Appalachian Territory. Oil and Gas Journal, 
June 16, 1927, p. G-16. 
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INTRODUCTION AND ACKNOWLEDGMENTS 


Anorthosite and granite or syenite are associated with masses of gabbro 
at so many places that many petrologists believe that they have a com- 
mon origin, or that they are differentiates from a common magma. The 
great sill at Pigeon Point, Minnesota, shows some features that indicate 
rather clearly the genetic relations of such rocks, and that may throw 
light on the general problem of rock differentiation. This sill seems 
to have been large enough to permit thorough differentiation, but not se 
large that the intrusion of the later phases of the magma obscured the 
relations of the phases already solidified. The outcrops are numerous, 





1 Manuscript received by the Secretary of the Society, February 27, 1928. 
Published by permission of the Director of the Minnesota Geological Survey. 
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and there may be no other single geologic unit in which the relations of 
these common rock types are so clearly and suggestively exposed. 

The field-work was done for the Minnesota Geological Survey. The 
writer has had the advantage of frank discussion with the Director of the 
Survey, Dr. W. H. Emmons, Dr. T. M. Broderick, Dr. . M. Schwartz, 
and other members of the staff. He has also discussed the problems 
with Dr. W. S. Bayley and Dr. R. A. Daly, whose earlier studies and 
reports on Pigeon Point have made the locality a classic. The peculiar 
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FiGuRE 1.—Sketch Map showing Distribution of the petrographic Phases of the 
Intrusive at Pigeon Point, Minnesota 


problem of the origin of the anorthosite here is considered in the light 
afforded by several recent papers, which are cited below at the proper 
places. The discussions have greatly clarified the writer’s ideas of the 
origin of the rocks, but the contributing geologists should not be held 
responsible for the theoretical conclusions here presented. 


GENERAL RELATIONS OF THE Rocks oF PIGEON POINT 


Pigeon Point is a peninsula that juts into Lake Superior at the ex- 
treme east end of northern Minnesota. It is + miles long and about 





7W. S. Bayley: The eruptive and sedimentary rocks of Pigeon Point, Minnesota. 
U. 8S. Geol. Survey Bull. 109, 1893. 

R. A. Daly: The geology of Pigeon Point, Minnesota. Am. Jour. Sci., 4th ser., 
vol. 43, 1917, pp. 423-448. 
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half a mile wide, and its point is about a mile and a half south of the 
Canadian shore of the lake. It is made up of Animikian sedimentary 
rocks and an intrusive sill about 500 feet thick. This sill is composed 
of a series of different rocks, which have been so fully exposed by glacia- 
tion and wave erosion as to show clearly the relations of the members 
of the series (see figures 1 and 2). The sedimentary rocks above and 
below the sill are chiefly gray to black quartzite and slate, the overlying 
strata altered to a red contact rock. At places near the intrusive rock 
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FicurE 2.—Sketch Map showing Distribution of petrographic Phases of the 
Intrusive at Pigeon Point, Minnesota 


this contact rock contains some micrographic intergrowths of quartz and 
red feldspar that greatly resemble those in the red acid phase of the in- 
trusive. Nearly all this alteration appears to have occurred in the over- 
lying strata; the few exposures of the floor show relatively little contact 
metamophism, but even there some rock shows a little graphic inter- 
growth. ; 

GENERAL FEATURES OF THE SILL 


The main intrusive body on Pigeon Point is a sill that in places cuts 
across heavy beds of the Animikie quartzite into which it is intruded 
(see figure 3). Daly has summarized very convincingly the evidence, 
both structural and petrographic, that the intrusive mass is a sill,*® and 


2 Opp. cit., pp. 426-430 
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several outcrops besides those mentioned in his paper show the con- 
cordance of the upper part of the sill with the bedding of the quartzite. 
A particularly good exposure occurs south of the small area of gabbro 
shown on Bayley’s map, about a mile east of Marks Bay, and there are 
several others along the shore east of Little Portage Bay. The dis- 
cordance of the sill contacts, however, is in places rather conspicuous. 
Aside from the blocky reentrants of granite in the roof, the variable 
width of the outcrop of the sill strongly suggests discordance. The 
sedimentary beds and the structural lines of the intrusive mass dip south 
at an angle of about 15 degrees, and the width of the exposure of the 
intrusive rock ranges from less than,a quarter of a mile on the west side 
of Little Portage Bay to almost half a mile near the mouth of Pigeon 
River. The sill must vary greatly, perhaps, in some places not over 250 
feet and in others as much as 700 feet thick. 

This great sill was first encountered at its west end, on Wauswaugon- 
ing Bay, and its outcrops are so numerous from there to Pigeon Point, 
over 6 miles east, that its continuity for that distance can hardly be 
questioned.* The evidence that the several rocks of the sill form an 
intrusive unit rather than that they are the products of a succession of 
intrusions is well stated by Daly.5 


COMPONENTS OF THE SILL AND THEIR RELATIONS 


From the roof of the sill down, the following rocks have been noted: 

1. Chilled diabase containing in places abundant phenocrysts of labra- 
dorite and small masses of anorthosite. 

2. “Red rock” (granite). 

3. Intermediate rock. 

4. A large volume of diabase gabbro. 

5. Chilled diabase (near the floor). 

The petrography of most of these rocks has been described by Bayley ® 
and details that seem to have no important bearing on the problem of 
the origin of the rocks need not be considered here. 

1. The chilled upper phase of the sill consists largely of diabase gab- 
bro, of medium grain, in which the feldspar is labradorite. At some 
places there are abundant phenocrysts of labradorite, the largest several 
inches long, and the diabase gabbro grades into anorthositic gabbro. 





‘Bayley’s map of the sill (his Plate XIV-XV) was made in part by interpolation, 
and he evidently missed some outcrops in a wooded swamp west of the area shown 
on figure 1 in the present paper. The area of numerous outcrops along the shore is 
confused by minor intrusions, but there is probably no such offset or fault as one 
might suppose from Bayley’s map. (See Daly's paper, page 430, footnote.) 

5 Op. cit., p. 434. 

* Op. cit. 
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There are also small “bouldery” masses of coarse-grained true anorthosite. 
This upper phase is not continuous in outcrop. In the western part of 
the area mapped in figures 1 and 2, it forms a definite belt, but toward 
the east, where the exposures have been most thoroughly studied, the 
belt is broken by intrusives of later phases of the magma. 

2. Beneath the diabase is a zone of “red rock” of variable thickness. 
This rock is a sodic granite that shows considerable variation in texture 
from place to place, and most of it ccntains abundant micrographic in- 
tergrowths making the rock a granophyre. It intrudes the upper chilled 
gabbro and anorthosite with fairly sharp contacts and with some signs 
of assimilation. In places it rises through the roof and includes frag- 
ments of sedimentary rock. It is abundant at Little Portage Bay and 
in a belt west of that bay, but there is less of it farther east, where it 
cuts the diabase and the quartzite. 


Pigeon 








Ficure 3.—North-south Section across Pigeon Point 


The locality is about half a mile east of the mouth of Pigeon River. The diagram 
shows the supposed relations of the phases of the sill. 

Q. Animikian quartzite and slate: 1, chilled basal gabbro; 2, gabbro; 3, intermediate 
rock ; 4, granite; 5, chilled upper gabbro with anorthosite segregations. 


3. The granite grades downward through a narrow zone of “interme- 
diate rock” into the large body of diabase gabbro of the sill. The inter- 
mediate rock as here mapped includes material ranging in composition 
between two extremes—a rock containing only red acid feldspar on one 
hand and a rock containing only gray labradorite on the other. Any 
rock containing two feldspars, one red and the other gray, has been 
mapped as intermediate. Even with this wide range, however, there is 
less intermediate rock than granite. The largest areas of this phase are 
east of Little Portage Bay. Daly reduced the intermediate rock area still 
more, apparently by including in the gabbros some rock that contained 
a small amount of red feldspar. 

4. Below the intermediate rock is the main diabase gabbro of the sill, 
in which the feldspar is labradorite, though rarely in large phenocrysts. 
Much of the diabase gabbro contains olivine, which, however, is not so 
concentrated as to form a peridotite in any layer. Probably -the sill is 
not large enough to develop such a segregation. The transition of the 
diabase gabbro to the intermediate rock no doubt involves an increase in 
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silica, so that parts of the rock are olivine-free, but these parts are not 
distinguished in the mapping. 

5. In the few places where the floor of the sill is exposed, the diabase 
near the contact is slightly finer grained than the main body of the 
gabbro. 

It is noteworthy that the anorthosites have not been described in 
earlier reports as parts of the chilled upper phase of the sill. Bayley 
noted the porphyry only, and Daly considered the anorthosite an earlier 
dike.* The anorthosite is very significant in a study of the evolution of 
the sill, but the masses are so small that they are not distinguished frm 
the rest of the upper chilled diabase on the map. 

The compositions of some of the rocks are shown in Table I. 


TABLE I 


{nalyses of Rocks in Sill at Pigeon Point, Minnesota 
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™Op. Cit., p. $22. 
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1. Calculated composition of the average rock of the sill in the ratio of 
77 per cent gabbro, 11 per cent intermediate, and 12 per cent red rock, esti- 
mated from the area mapped, and the specific gravity of each rock. 

2. Olivine gabbro; analysis of mixed powder of five fresh specimens. W. F. 
Hillebrand, analyst, U. S. Geol. Survey Bull. 109, p. 37. Specific gravity, 
2.923-2.970. 

3. Intermediate rock; analysis of specimen from near “red rock.” W. F. 
Hillebrand, analyst; idem, p. 63. A similar rock had a specific gravity of 
2.741. 

4. “Red rock” (granite), analysis of mixed powder of seven specimens. 
W. F. Hillebrand, analyst; idem, p. 56, specific gravity, 2,620. 

5. Mean of the analyses of three unaltered quartzites and one slightly 
altered slate; idem, p. 113. 


Fragments of sedimentary rock occur in the granite, the intermediate 
rock, and the gabbro, but none have been found in the anorthosite or in 
the highly porphyritic gabbro. These fragments, being of low specific 
gravity, would not settle deep into the gabbro magna; few are found 
except near its top. 

Few contacts of the granite or the intermediate rock with the over- 
lying quartzite have been observed. A diabase intervenes between these 
acid differentiates and the roof of the sill, especially in the western part 
of the area (shown on figure 1), though also at some places in the eastern 
part. At only a few places has the granite or the intermediate rock 
stoped or dissolved the early roof phase of the magma so as to underlie 
the quartzite directly. Contacts of these phases are much less common 
and less well exposed than the earlier maps of the area might suggest, 
but they are numerous enough to show that the granite and the inter- 
mediate rock intrude and include fragments of the quartzite. At most 
of these few exposures the contact between the granite and the quartzite 
can be easily determined, but as the quartzite is reddened and the red 
granite shows platy parting that looks like bedding, the two rocks at 
some places superficially resemble each other so much that the contact 
can be determined only by close observation. 

If the granite is all of the same age, it seems to be the latest igneous 
rock of the sill, for it cuts gabbro, anorthosite, intermediate rock, and 
the roof and floor of the sill. The red stringers seem to be apophyses 
from the sill, but they are so short and so discontinuous in outcrop that 
Bayley was uncertain of their relations. Daly* makes the valuable sug- 
gestion that some granite escaped from the magma under “gas tension,” 
so that some may have formed at an earlier stage of magmatic action than 
the final granite stage, vet all seem to be related to the main intrusive. 





Op. cit., p. 43. 








562 =F. F. GROUT—ANORTHOSITE AND GRANITE ON PIGEON POINT 


No later dikes were seen to cut the granite, though some conspicuous 
dikes of black diabase cut the sediments and the gabbro. These dikes 
seem to have no significant bearing on the problem of the origin of the 
main rocks in the sill and they are, therefore, not further considered here. 

Intermediate rock in somewhat ill-defined dikes cuts the main gabbro 
and the upper roof phase of the diabase, including the highly porphyritic 
and anorthositic phases. 

The relative ages of the anorthosite and the diabase gabbro are not 
indicated on Pigeon Point by any dikelike relations; they are inferred by 
analogy from the relations shown in a series of less differentiated sills 
in the same formation farther west (see the next heading). In some 
of the larger of these sills an upper zone containing abundant plagioclase 
phenocrysts includes also some aggregated masses of the same plagio- 
clase—a true anorthosite. Some of the aggregated masses that were 
shattered by later movements resemble xenoliths of distinctly older 
masses, but the evidence is very strong that these masses segregated in 
the diabase and are thus only slightly older than the main mass of the 
sill. The sequence in these sills is doubtless the sequence in the Pigeon 
Point sill also. 


ORIGIN OF THE ANORTHOSITE 


The work done by the Minnesota Survey through many years has ex- 
tended from the Mesabi Range to Pigeon Point, a distance of over 100 
miles. From the Mesabi Range to Gunflint Lake, a little over half this 
distance, the Animikie rocks contain a few small sills of diabase, several 
of which have phenocrysts of plagioclase. At several places these 
phenocrysts occur only in the upper half of a sill. A good example is 
afforded by a 15-foot sill exposed south of Iron Lake, near Babbitt, which 
contains many 2-inch phenocrysts in its upper half, but none in its lower 
half. 

From Gunflint Lake to Pigeon Point there are many sills, 20 to 200 
feet thick, which contain in their upper parts not only phenocrysts, but 
aggregates of plagioclase (masses of anorthosite). Good examples may 
be seen on the north shore of Loon Lake and north of Pine Lake. Sills 
like these are numerous and the relations in them strongly suggest that 
these aggregates of feldspar were formed by the clustering of phenocrysts. 
This cumulative evidence, the result of a series of years of work, has 
been needed to settle the matter in the minds of the geologists of the 
Minnesota Survey, because we entered on our work with the belief that 
the anorthosites were fragments of some earlier segregation in a large 
mass, such as the Duluth gabbro. The fact that many of the bunches 
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of anorthosite are fragmental made it very difficult to consider them the 
results of growth. Some of the sills, however, seem to have been in- 
truded through thousands of feet of sediments, which are exposed only 
a short distance away and which contain no anorthositic phases of older 
rock that could have furnished such xenoliths. Furthermore, some of 
the masses of anorthosite are so large that they could hardly have been 
earried up as xenoliths from a deeper source through such dikes as those 
seen in this region. ‘These masses at least seem to have grown in the 
chambers where they are now found. If some of the masses were formed 
where they are fcund, probably all of them were so formed, and their 
fragmental appearance may be attributed to disturbances that occurred 
during a late stage of the solidification of the magma. 

With this background of experience and these prepossessions, the geol- 
ogists of the Minnesota Survey went to Pigeon Point. Here the petro- 
graphic problem seemed to be very different, for the rocks described in 
the early reports consisted of the series from gabbro to granite; little 
anorthosite had been recognized. Before we undertook detailed field- 
work it seemed to us probable that the Pigeon Point sill must have. been 
derived from a magma that was originally of different composition—a 
composition that would supply abundant granite; but the mapping and 
the structural features described above compelled a change of opinion 
for these reasons : 

1. Considerable anorthosite is found at or near the top of the sill along 
the south shore of the point; for example, from 100 to 200 yards east 
of Little Portage Bay, and at places farther east. No anorthosite, nor 
even highly porphyritic gabbro, is found below the main granite dif- 
ferentiate of the sill. The plagioclase seems to have floated up in this 
sill, as in many others, at an early stage. 

2. The sequence of solidification appears to be that stated above. The 
roof phase of the gabbro, containing abundant phenocrysts and masses of 
anorthosite consisting of labradorite in a matrix that also contains 
labradorite, was formed early, for the intermediate and red rocks in- 
trude it. 

3. The sill is thicker than the sills farther west, which contain only 
traces of granitic differentiates. 

Furthermore, calculation and comparison® show that the total sill, 
like the smaller sills farther west, has a composition not far from that 
of average diabase, gabbro, or basalt. If such a magma had been cooled 
more rapidly no granite would have been formed. 

The conclusion follows that the anorthosite in this sill was formed in 


*Daly: Op. cit., p. 436. See, also, Table I, column 1, of the present paper. 
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FIGURE 4.—Stages of the Development of the Sill at Pigeon Point 
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place; that it was formed as it was in some smaller sills—by the upward 
movement and aggregation of crystals of labradorite; that it was formed 
early and was intruded from below by a later granite magma, residual 
from the separation of an olivine gabbro near the base. To make this 
sequence clear, it is shown diagrammatically in figure 4. 

This conclusion gives to the sill a more general interest, for it re- 
lates the anorthosites to that well-studied series of our most abundant 
magmas—the series from gabbro to granite. The petrologic association 
seen in this sill is the one seen in nearly all large masses of anorthosite, 
as contrasted with that seen in the smaller masses in the small sills in 
Minnesota. 

A question may be raised as to the mechanics of the separation of 
labradorite rock partly above and partly below the acid differentiates. 
If labradorite is light enough to float up from the primary magma into 
the anorthosite, it can not at the same time be heavy enough to settle 
down into the olivine gabbro. The anomaly is perhaps best explained 
by the early growth of some large larbradorite phenocrysts, which would 
tend to rise much more rapidly than smaller crystals of the same density. 
When the main magma was largely freed of such phenocrysts, the growth 
of the heavier minerals may be supposed to have begun. Then, al- 
though the labradorite was lighter than the magma, a good deal of it 
might be entangled in a swarm of settling magnetite, augite, and olivine, 
forming olivine gabbro. 

This outline of a possible process, however, is wholly theoretical and 
based on the popular notion of crystallization-differentiation. It is purely 
suggestive and in no way modifies the field observations, namely, that 
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1. Intrusion, generally conformable; slight shattering. 

2. Phenocrysts develop as the top and bottom are chilled to diabase. Possibly some 
fragments of quartzite are dissolved. 

3. Phenocrysts rise, and some are segregated to form anorthosite. More diabase 
solidifies. Exaggerated in size in the sketch, 

4. The bulk of the diabase forms in the lower half of the chamber, having separated 
either by settling or some other process from the more acid magma above. Olivine, 
plagioclase, magnetite, and augite crystallize together, leaving intermediate magma. 
Further movements facilitate some stoping, by which fragments of the roof, both 
quartzite and diabase of early solidification, are included in the intermediate magma. 
(In the sketch these are exaggerated in size, but in the field there is an abundance 
of small blocks.) 

5. The solidification of the gabbro zone is ended. Above it the intermediate rock 
solidifies, and the residual granite magma cools to fill the remaining space with red 
rock. The granite magma just before solidification also intrudes and stopes its roof 
and assimilates some of the diabase and anorthosite that solidified early, but is still 
very hot. The final solidification of granite closes the magmatic history. Erosion has 
exposed some parts of the differentiated series. 
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the anorthosite occurs near the top of the sill, having apparently floated 
up, and that the great bulk of underlying magma then evolved into a 
series of rocks in gravitative arrangement. This evolution, whatever 
its mechanism, resulted in a series of rocks and an arrangement anal- 
ogous to those in scores of other well-known igneous masses. 


OrIGIN OF THE RED Rock (GRANITE) 
POINTS OF AGREEMENT AND DISAGREEMENT 


Bayley,'° who in 1885 and 1888 made the first careful study of the 
rocks of Pigeon Point, concluded, in conformity with the prevailing 
hypotheses of that time, that some quartzite had been fused to make 
granite. This conclusion was agreed to by Winchell ™ in the Final Re 
ports of the Minnesota Geological Survey. In 1917 Daly ** found evi- 
dence of a sill-like structure and expressed the belief that the granite 
was formed by syntexis involving both the assimilation of quartzite and 
a differentiation which largely masks the earlier assimilation. In con. 
trast to this Daly discussed a third hypothesis, that of “pure differentia- 
tion,” quite independent of the quartzite. 

The information now available would probably enable all petrogra- 
phers to agree to the following statements: 

1. The fact that granite contains about twice as much alkali as either 
quartzite or gabbro indicates that the granite was formed by differentia- 
tion rather than by the fusion of quartzite or by simple solution of 
quartzite in gabbro. 

2. Several facts strongly indicate some assimilation: The occurrence 
of granite near quartzite; the occurrence in intermediate rock of granite 
rims around quartzite inclusions, which seem to be corroded; the local 
occurrence of quartz in gabbro near inclusions of sedimentary rock; the 
occurrence of microscopic fragments of quartzite in seemingly clear gran- 
ite, and of some graphite in the igneous rocks near the included sedi- 
ment. 

3. The magma as intruded was probably somewhat hydrous, and prob- 
ably juvenile water emanated from it. 

4. The slate and quartzite of the roof, floor, and especially of the in- 


~W. S. Baley: The eruptive and sedimentary rocks of Pigeon Point, Minnesota: 
U. S. Geol. Survey Bull. 109, 1893. In a later note in the Proceedings o* the Twelfth 
Geologic Congress (p. 250) Bayley favors some assimilation rather than fusion of 
quartzite, but believes that assimilation had no very great effect on the magma. 

tN. H. Winchell: Geol. and Nat. Hist. Survey of Minnesota, Final Reports, vol. 4, 


1899. 
@R. A. Daly: The geology of Pigeon Point, Minnesota. Am. Jour. Sci., vol. 43, pp. 
425%, 448, 1917. 








— 


~~ a 


is 


nh 


‘a —~ ~ 





he 


re 
ke 


¢ 











ORIGIN OF THE GRANITE 06 / 


clusions, contained water, some of which may have been added to the 
juvenile magmatic water. 

5. Whatever may have been the source of the water in the granite 
magma, the differentiation of that magma toward the top of the cham- 
ber accounts for the greater contact effect on the quartzite above the sill 
than on the sedimentary rock below it. 

After this agreement on many of the factors that mav have affected 
the formation of the granite, the debatable questions can be stated more 
definitely. The writer believes that the effects of the assimilation of 
quartzite and the magmatic effects of the water derived from the sedi- 
ments have been over emphasized—that about the same amount of gran- 
ite would have formed, and that its composition would have been about 
the same if there had been no assimilation and no water had been added 
to the magma. 

Daly, favoring syntexis, objects to the “pure differentiation” hypothe- 
sis** for three main reasons: (1) Many thick sills in both this and 
other regions consist of gabbro without red rock; (2) water is available 
in the wall rocks; (3) there are signs of consanquinity of red rock and 
quartzite and signs of assimilation of quartzite. 


RELATION OF GRANITE TO SIZE OF SILL 


The work of the Minnesota Survey shows that in this region the de- 
velopment of granite appears to be definitely related to the size of the 
sills and not to the nature of the rocks in the roof and floor of the sill, 
nor those in the walls of the conduit. The Pigeon Point sill, which 
contains a larger proportion of granite than any other sill in the Rove 
slate area in Minnesota, is considerably thicker than the others. 


GRANITE MAGMA AND WATER 


The fact that the wall rocks contain water can not justify the assump- 
tion that much water was driven from them into the magma.** The 
well-known fact that many magmas give off hydrous emanations makes 
it seem unlikely that a wall rock which receives water from a magma 
should contribute water to the magma. At Pigeon Point the normal 
character of the average rock of the whole sill makes it unlikely that 
the original magma differed essentially from many other magmas that 
yielded juvenile water. Water was apparently abundant enough in the 
intrusive magma to pass into the walls, for the granite stringers in the 
quartzite roof contain numerous miarolitic cavities, and the quartzite is 





#3 Op. cit., p. 436. 
“Daly: Op. cit., p. 445. 
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reddened by red feldspars developed by contact metamorphism. The 
igneous rock of the sill, as shown by analysis, contains about 1 per cent 
of water and the primary magma probably contained much more. The 
possible presence of resurgent water in the rock need not be denied, but 
it seems wholly unnecessary to explain all the facts, and it is very diffi- 
cult to understand the mechanism of the introduction of water into the 
magma. 

The composition of the contact rocks, moreover, does not support the 
hypothesis that water was driven into the magma from the walls. Much 
of the sedimentary rock next to the Pigeon Point sill is quartzite, which 
was certainly not so hydrous as the slates above and below many other 
sills in the region; but these other sills have no granite phase. Again, 
at Pigeon Point moderate contact metamorphism seems to have increased 
the quantity of water in the quartzite and to have reduced it very little 
in the slate,® still leaving as much water in the invaded sedimentary 
rock as that found in this region in the average slate and quartzite 
that were not affected by contact action. At a few places where the 
quartzites are reddened and most altered, water seems to have been driven 
out of the sedimentary rock by heat. However, it may not have been 
driven into the still hotter magma; most of it probably passed into the 
sedimentary rock overlying the contact zone. 

Although little, if any, water passed into the magma from the contact 
zone, blocks of the roof were stoped into the magma and did add water 
to it. The amounts of water added by this and other processes may 
be estimated. Studies made at Kilauea ** indicate that the water con- 
tent of average basaltic magma is about 4 per cent. This percentage is 
acceptable for the Pigeon Point magma in particular, because of the 
following more or less related facts: The water content of the olivine 
diabase on Pigeon Point is over 1 per cent after solidification, and al- 
though basalt magmas may contain less water than more acid magmas, 
the average igneous rock contains about 1.15 per cent water, and the 
average diabase nearly 2 per cent.** Acid rock magmas, such as form 
pitchstone and pegmatitic granite, may contain 10 to 20 per cent of 
water. Many observations show conclusively that magmas contain more 
water than the igneous rocks formed by their crystallization. The esti- 
mate of 4 per cent of water in the primary magma of this sill is there- 
fore not unreasonable. 

In contrast to these igneous rocks the average sedimentary rock of 


% See analyses reported by Bayley, op. cit. 
%*G. W. Tyrrell: Principles of petrology, p. 47. 
% Daly: Igneous rocks and their origin, p. 21. 





ORIGIN OF THE GRANITE 


Pigeon Point contains about 2.22 per cent of water, and, as few rocks 


in the region contain more than 4 per cent of water, it may reasonably 
be assumed that the sedimentary rocks were dehydrated from a content 
of 4 per cent of water to their present content. Some fragments were 
dissolved and contributed all their water to the magma, but the rocks of 
the contact zone were only partly dehydrated. Bayley describes three 
zones of contact action. The outer zone is not noticeably dehydrated ;** 
the central and inner zones are slightly dehydrated; the six analyses 
available show an average of over 2 per cent of water. As some of the 
water evolved may escape rather than be forced into the magma, it is 
fair to estimate that two-thirds of the contact rocks contributed 2 per 
cent of water to the magma. The area of contact rocks mapped by 
Bayley is about one-sixth as large as the area of the sill. If two-thirds 
of this area contributes water, the volume of rock contributing is about 
one-ninth as great as the volume of the magma (2/3 of 1/6=1/9). 
That is, one part of quartzite will contribute water to the extent of 2 
per cent of its weight to a magma having a volume 9 times as great. This 
contribution would probably increase the water content of the magma 
about 0.2 per cent. More accurate calculations based on specific gravity 
are not justified by the rough estimates used to begin with. 

It is more difficult to estimate how much sedimentary rock has been 
dissolved, but a limit can be set even there. By starting either with 
the composition of the diabase or with the mean composition of the sill 
on Pigeon Point, or with the average diabase of the world, and making 
successive additions of sedimentary rock having the mean composition 
of that on Pigeon Point, we find that the mixture seems normal enough 
until the additions amount to about 20 per cent of the mixture. With 
an addition of 20 per cent, the mixture becomes a labradorite rock con- 
taining considerable quartz, an odd rock that would at once be suspected 
of contamination. As the mean composition of the sill on the point is 
not so odd, an estimate of 20 per cent contamination is liberal. If 20 
per cent of the present rock is derived from sediments that contained 4 
per cent of water, the magma resulting from this mixture would con- 
tain about 20 per cent of 4 per cent, or 0.8 per cent of resurgent water. 
This calculation applies to fragments assimilated from conduits as well 
as those assimilated from the roof of the sill chamber.’® 





18 Op. cit., pp. 84, 88, 97, and 98. 

1% Those who argue most strongly for the effects of connate waters are forced to 
shift their ground continually. If it is shown that the walls of the chamber do nor 
contribute enough they appeal to a conduit. If that does not contribute enough, they 
appeal to a deeper reservoir that fed the conduit; but in such deeper chambers the 
terms assimilation and addition are misleading—the action in the deeper chambers is 
magna generation. 
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Thus, with the most liberal allowance for assimilation and for con- 
nate water driven into the magma from the walls by gas pressure, the 
total water added to the magma will be scarcely 1 per cent of the magma 
and probably much less. In comparison with the 4 per cent of water 
that was probably in the primary magma (of which over 1 per cent re- 
mains in the rock), the-additions of connate water from the sedimentary 
rock must be of little significance. Additions of water from the sedimen- 
tary rock would probably not have induced much more rapid or more 
thorough differentiation than would have occurred in the hydrous magma 
without additions. 


EVIDENCE OF ASSIMILATION OF QUARTZITE AND OF ITS CONSANGUINITY 
WITH GRANITE 

It has been shown that the presence of granite may be attributed to the 
great thickness of the sill and its consequent thorough magnetic dif- 
ferentiation; but as Daly has contended strongly for the consanguinity 
of the granite and the sedimentary rock, several of his arguments should 
be reviewed. 

In the first place, the supposed consanguinity would relate the granite 
to a contact-altered quartzite rather than to unaltered sedimentary rock. 
If such a metamorphosed quartzite shows a relationship to a granite 
near by, the relationship probably results from the thorough permeation 
of quartzite by magmatic emanations, and, as shown above, it is not 
probable that the sedimentary rock furnished any considerable amount of 
these emanations. 

In the second place, graphic intergrowths, which occur not only in the 
granite but abundantly in the contact rock, are the most important signs 
of consanguinity. A thorough discussion of the origin of such inter- 
growths would be too long for this paper. Fenner *° has recently shown 
that some micrographic intergrowths are to be attributed to recrystalliza- 
tion, others to introduction, still others to deuteric action (late magmatic 
reactions), and possibly others to primary crystallization. In studying 
the rocks at Pigeon Point to see whether the intergrowths there could 
be interpreted, it was found that some micrographic structures in the 
quartzite seem clearly due to rearrangement of its original material and 
others to emanations from the magma. Such emanations, however, seem 
not to have been so abundant as to make any marked change in the 
composition of the quartzite. 

Indigenous graphic intergrowths in the quartzite, resembling those in 


*®The Katmai magmatic province. Jour. Geol., vol. 34, no. 7, part 2, 1926, see 





page 750. 
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the red rock can hardly be considered proof of consanguinity of the two 
rocks, however, because such intergrowths may originate in various ways. 
The real evidence of consanguinity in such a case, and in this particular 
case, as Claimed by Daly, is the association of the two rocks. He says :** 

“Nor is it likely that the close field association of the micropegmatite in the 
red rock with the micropegmatite in the metamorphosed sediments is a pure 
accident. The material is of a nature too specialized for that. The ex- 
planation is probably to be found in the red rock material having been chiefly 
derived from dissolved quartzite and metargillite.” 


Though some granite may form in this way, the writer does not believe 
that most of the granite on Pigeon Point had such an origin, for the fol- 
lowing reasons: 

1. The map here presented (figure 1) shows that the field association 
of the granite and the quartzite is not so uniform as earlier maps indi- 
cated. Nearly everywhere diabase or porphyry or anorthosite intervenes 
hetween the granite and the sedimentary roof. 

2. At a few places the exposures indicate some solution of quartzite 
in gabbro, but the resulting contaminated rock is a quartz gabbro.** The 
quartz in this rock occurs in irregular and club-shaped masses. If the 
main granite phase of the sill originated from this contaminated 
quartzose magma, the graphic structure of the granite was a distinctly 
later development, resulting from differentiation, and is in no possible 
way related to the graphic structure in the quartzite inclusions that were 
dissolved. Stated in another way, the graphic quartz of the quartzite 
inclusions had to pass through the phase of non-graphic quartz gabbro 
magma before it became graphic granite. 

3. There was probably much less assimilation than Daly believed, not 
even approaching the limit of 20 per cent, as calculated above; more as- 
similation than that would make this or any other probable primary 
magma evidently hybrid. Moreover if the granite was formed from 
quartzite, not all the constituents of the quartzite would have gone into 
it, and the residue, mingling with gabbro, would contaminate it very 
notably. The intermediate rock of the sill is almost exactly the sort of 
rock that would be expected from such contamination; but a calcula- 
tion of the quantitative results of such a contamination indicates that 
four times as much intermediate rock as granite would have been formed, 
whereas the map indicates less intermediate rock than granite. This 
shortage of the “by-products” of the supposed formation of granite from 
quartzite and gabbro makes it difficult to believe that much assimilation 
occurred, 


1 Op. cit., pp. 439-440. 
“Bayley: Op. cit., p. 101. 
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Furthermore, the dissolving capacity of the magma may not have been 
so great as Daly believed. He suggests that the granite magma, even at 
a late stage, was capable of assimilating considerable amounts of an earlier 
plagioclase rock.** This plagioclase rock, however, was an early dif- 
ferentiate of the same magma that formed the granite, and the fact that 
the granite magma attacked it while still hot does not indicate that the 
magma vigorously attacked the quartzite in the roof. 

Finally, the average basaltic magma contains all the elements needed 
to produce such a granite as the red rock in considerable quantity, ** 
say 10 per cent of the whole mass. Any excess of granite may possibly 
be attributed to syntexis. If the granite forms about 13 per cent of the 
sill (a fair estimate), probably not more than 3 per cent is a product 
of syntexis, and it is almost certain that the other 10 per cent would 
have differentiated if there had been no solution of wall rocks. 

The facts thus presented have great cumulative weight in indicating 
that the granite was formed by almost pure differentiation. There was 
some assimilation, but it seems to have been of slight consequence. 

SHELLS OF RED ROCK AROUND INCLUSIONS 

Bayley describes especially significant shells of red rock (granite) 
around inclusions of quartzite in intermediate rock.** If the granite 
had been formed by fusion or by assimilation without differentiation, 
such a granite shell should have the composition of a rock that could 
have been derived from the adjacent rocks. It has not such composi- 
tion as it contains more alkali than either of the adjacent rocks (see 
Table I). Daly considers these shells at length: ** (1) The shell may 
be fused quartzite from which excess material rapidly diffused away; 
(2) the shell may have been “sweated out” of the inclusion; (3) some 
of the quartzite may have been assimilated and some of the alkali added 
by concentration from the magma. The third suggestion is much the 
most in harmony with the field facts. 

How such a concentration of alkali occurred is an unanswered ques- 
tion. It has been suggested that inoculation by some mineral from the 
inclusion, or by water, might start a differentiation that would otherwise 
have been inconspicuous. How an inclusion might cause or modify a 
differentiaticn in a magma without making any notable contribution to 
the magma is obviously a puzzling question. Nevertheless, there are evi- 
dences of such action at several places. 





* Op. cit., pp. 442-443. 
* Frank F. Grout: Calculations in petrology. Jour. Geol., vol. 34, 1926, p. 548. 


% Op. cit., p. 110. 
% Op. cit., pp. 440-443. 
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DIFFERENTIATION MODIFIED BY INCLUSIONS 


Examples of the modification of the differentiates of a magma by in- 
clusions have been noted as follows: 

1. Red rock around fragments of quartzite at Pigeon Point. 

2. Magnetite concentrated around fragments of biotite schist in peg- 
matite in Minnesota. ** 

3. Pegmatite around fragments of phyllite in granite at Barre, Ver- 
mont.** 

4. Pegmatite around inclusions in granite in Connecticut.” 

5. Possibly the concentric structures in orbicular rocks. The centers 
of the structures are in many cases fragments of wall rock. 

These examples are sufficient to show the general effect of inclusions on 
differentiation, for in none of them is there good evidence that the in- 
clusion contributed a large proportion of the rim. The nature of the 
effect is not yet explained. Possibly the ultimate explanation may in- 
volve some undiscovered feature of magmatic action. Whatever may be 
the explanation, the occurrence of the granite shells at Pigeon Point is 
undeniable, and while it is a feature of insignificant volume in com- 
parison to the granite phase, its explanation may help to solve the prob- 
lem of the origin of the rest of the granite. 


APPLICATION OF DIFFERENTIATION AT PIGEON POINT TO THE EXPLANA- 
TION OF OTHER OCCURRENCES OF ANORTHOSITE 


BEAVER BAY, MINNESOTA 


The sequence of anorthosite and granite on Pigeon Point may explain 
a puzzling occurrence of a mass of anorthosite in the rhyolite of Beaver 
Bay, Minnesota.*° This mass lies close to the top of a great diabase sill 
that is intruded into Keeweenawan surface flows. This sill is probably 
much larger than the one on Pigeon Point, and there are many large 
exposures of anorthosite and some of granite. If, as at Pigeon Point, 
a granite magma developed under the anorthosite, a slight intrusive 
motion of the acid magma through anorthosite into a cooler roof rock 
might result in a rhyolite with xenoliths of anorthosite like those found. 





7 Frank F. Grout: Magnetite deposits of St. Louis County, Minnesota. Minnesota 
Geol. Survey Bull. 21, 1926, p. 63. 

*R. Balk: Vermont Geol. Survey, 15th Ann. Rept., 1925-26, pp. 39-96. (See first 
page of discussion of Barre.) 

2»J.F. Kemp: The pegmatites. Econ. Geol., vol. 19, 1924, pp. 712-713. 

® A.C. Lawson: The anorthosites of the Minnesota shore of Lake Superior. Minn. 
Geol. and Nat. Hist. Survey Bull. 8, 1893. 
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THE ADIRONDACKS 


Bowen has outlined a theoretical arrangement of differentiates, includ- 
ing anorthosite *' and syenite that differs in some respects from the ar- 
rangement at Pigeon Point (see figure +). Bowen’s theory, so far as 
it was applied to the Adirondacks,** was criticized by Cushing and by 
Miller,** who contributed some additional facts observed in the field. 

The essence of Bowen’s theory is that the plagioclase crystals remain 
suspended in a magma while the heavy minerals settle enough to leave 
the residual magma syenitic. Then the plagioclase (after some re- 
action due to the change in environment) settles to form anorthosite. 
Bowen estimates the probable specific gravities of the crystals and 
magmas. Notwithstanding such estimates, however, the outcrops in 
Minnesota, and apparently those in New York, indicate that the anortho- 
site formed close under a thin chilled roof of gabbro; it undoubtedly 
floated up rather than remaining suspended and settling later.** 

Each of the large field occurrences of anorthosite described seems to 
permit the suggestion that it is an upper differentiate formed by rising 
erystals rather than by settling crystals. The high “stratigraphic” posi- 
tion of the anorthosite in New York was not recognized by Bowen, but it 

yas clearly stated by Miller, who attempted to explain the anorthosite 
as a residue from sinking femic minerals. As the usual course of evolu- 
tion of magma by the sinking of femic crystals is toward granite, Miller’s 
theory is questionable, and the sequence outlined for Pigeon Point might 
be applicable to the Adirondack series also. 

Most of the well-known bodies of anorthosite are associated with gran- 
ite or syenite. Bowen suggested that the anorthosite in the Adirondacks 
might be derived from the same magma as the syenite; but Cushing in- 
sists that the two are not parts of one body, and Miller also believes that 
the two are the results of separate intrusions, though their formation 
was not long separated in time. In view of the relations at Pigeon 
Point, it is believed that closer study in the Adirondacks and else- 
where will show that the acid rocks which are so commonly associated 


=2N. L. Bowen: The problem of the anorthosites. Jour. Geol., vol. 25, 1917, pp. 
209-243. 

=H. P. Cushing: Jour. Geol., vol. 25, pp. 501-509, and 512-514, with further state- 
ment by Bowen; Jour, Geol., vol. 25, 1917, pp. 509-512. 

33W. J. Miller: Adirondack anorthosite. Bull. Geol. Soc. Am., vol. 29, 1918, pp. 
399-462. 

“It is not supposed that all anorthosite floats up as crystals to accumulate as a 
solid aggregate, but some anorthosite does. Deeper in the same magma other processes 
of differentiation may produce some relatively thin bands of feldspathic magma capable 
of forming anorthosite as a phase of the main mass of gabbro. The gabbro at Duluth 
contains such bands. The sills near Pigeon Point, however, seem to show anorthosite 
only near the top. 
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with anorthosites were formed from the same magma, but at a different 
level and at a slightly later time. 

While it is generally agreed that syenite intrudes the Adirondack 
anorthosite, some have suggested that gradation from one rock to the 
other indicated a direct differentiation from one to the other. This is 
less certain and not agreed on. One who has not seen the Adirondack 
anorthosite would naturally hesitate to do more than suggest that its 
relations to the acid rocks may be similar to those in Minnesota. The 
granite both at Duluth and at Pigeon Point intrudes anorthosite formed 
at an early stage from the same magma. The assimilation of the hot 
plagioclase by granite magma gives rise to intermediate rocks that re- 
semble a differentiated series. By close study, however, they can be dis- 
tinguished from the differentiated series running from gabbro to gran- 
ite, and no differentiated series grades directly from anorthosite to 
granite. 

One further inference may be made. The bodies in Minnesota are 
floored intrusives, and the upper phase and the granite differentiate of 
the series constitute perhaps one-fifth to one-seventh of the mass. If 
the New York anorthosite «nd its underlying syenite (which is now 
disturbed and widely intruded) made up about one-fifth of the intrusive, 
it must have been a very thick intrusive and it may have wide extent.* 


PROBABLE LACK OF ANORTHOSITE BATHOLITHS 


The Minnesota sill adds a bit of evidence that the anorthosites are 
not batholithic. A sill 500 feet thick has a history so long that its 
late granitic phase in large part stopes its way into the chilled anorthosite 
top, if one has formed. In larger chambers the anorthosite masses would, 
of course, be larger, but the stoping done in a batholithic mass by the 
later granitic magma would doubtless remove nearly all the early dif- 
ferentiates formed near the roof. 


SUMMARY 


1. In a careful reexamination of the diabase sill on Pigeon Point, Min- 
nesota, it was found that a chilled roof phase of diabasa intervenes in 
most places between the acid differentiates and the quartzite roof. 

2. This roof phase contains in some places abundant phenocrysts of 
labradorite, grades into an anorthositic gabbro, and contains also a few 


boulderv-looking masses of purer anorthosite. 


® Miller (op. cit., pp. 415 and 418) notes.some exposures indicating that the two 
phases may form an extensive sill, 
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3. The chilled diabase, porphyry, and anorthosite are intruded by later 
granite, the “red rock,” especially in the eastern part of the point, where 
the rocks are well exposed. 

4. The granite that breaks through the chilled phase contains numer- 
ous fragments of the quartzite roof, but that which underlies the chilled 
phase over most of the sill contains but few such fragments. 

5. The anorthosite found near the top of the sill resembles in char- 
acter and position that found in many smaller sills in the same forma- 
tion several miles west, but the smaller sills contain much less granite. 

6. The evidence afforded by the whole series of sills is that the labra- 
dorite phenocrysts and the labradorite masses—anorthosite—rose in the 
sill magma at an early stage because of their lower specific gravity. This 
concentration of labradorite in the upper part of the sills is a fact observed 
in outcrops, not a deduction from the estimated specific gravity of a 
magma that could later crystallize to a gabbro containing labradorite. 

7. The anorthosite at Pigeon Point therefore probably grew in the 
upper part of the sill in which it is now found; and it was formed early, 
probably accumulating by the “floating up” of early crystals. 

8. The granite was once believed to be a product of the fusion of the 
quartzite, but its composition shows conclusively that some material was 
contributed by the sill magma; some differentiation must have occurred. 

9. Some assimilation of quartzite by the magma at different stages of 
its evolution is clearly indicated. 

10. The granite was probably formed either essentially by syntexis (as- 
similation followed by differentiation), or essentially by differentiation, 
with a little associated assimilation. The real problem is whether the 
water, the silica, or any other constituent of the sedimentary rock had 
important effects in the evolution of the magma. 

11. The theory of syntexis rests on the following assumptions: (1) 
That the water of the wall rock of a magma chamber will be driven into 
the magma in considerable amount; (2) that assimilation was greater 
than has been supposed, and that it occurred partly in conduits rather 
than in the sill chamber itself; (3) that there was a closer field associa- 


tion of granite and quartzite than the outcrops indicate; and (4) that the 
indigenous micropegmatite of the quartzite is genetically related to the 
indigenous micropegmatite of the red rock. Though none of these as- 
sumptions can be wholly disproved, a theory based on more certain 


premises is to be preferred. 

12. The idea of differentiation as the main control (with assimilation 
of minor importance) rests on more certain premises: (1) The occur- 
rence of granite at Pigeon Point and not in some related sills is due to 
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the greater thickness of the sill, which in cooling allowed longer time for 
differentiation; (2) the chilled top of the sill indicates that there was 
little chance for the assimilation of quartzite, because the quartzite was 
cold enough to chill the roof of the magma, and thereafter the fluid por- 
tion of the magma and the quartzite roof were only locally in contact; 
(3) average diabase magma contains water enough to account for the 
hydrous minerals, the cavities, and the emanations, enough also to make 
any possible additions from the roof insignificant in comparison ; (4) the 
composition of the average diabase magma is such that granite could be 
formed from it by crystallization or by the separation of partially miscible 
fractions in about such proportions as are found in the rocks on Pigeon 
Point. 

13. Not over one-fourth of the granite, and probably much less, is 
due directly or indirectly to the assimilation of material from the sedi- 
mentary rock. The granite was formed almost entirely by differentia- 
tion. 

14. This field study puts anorthosite at a very definite early stage in 
the evolution from basaltic primary magma to granitic rock. 

15. The sequence of rocks in time as well as in position in the magma 
chamber may probably be applied to the interpretation of other bodies 
of anorthosite, such as those in New York. 

16. The tendency of late acid magmas to “stope in” their chilled roof 
phases makes it improbable that bodies of anorthosite form batholiths or 
phases of batholiths, though they are common in large floored intrusives. 
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INTRODUCTION 


Within the years 1837 and 1839 Darwin read his first paper on the 
coral islands of the Pacific, and Murchison published the Silurian Sys- 
tem, in which he described, under the name of “ballstones,” the reefs of 
the Wenlock. In 1847 Murchison described the Silurian reefs of Got- 
land, and did not hesitate to call them reefs. Since then the literature of 
ancient coral reefs has grown enormously in Europe, but in America the 


ground which Chamberlin so carefully prepared in his beautiful descrip- 
tion of the Niagaran reefs of Wisconsin (1877) has lain too long fallow. 


There are many brief references to ancient reefs in. American literature ; 


1 Manuscript received by the Secretary of the Society January 16, 1928. 
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but, outside of the writings of Chamberlin, Grabau, Vaughan and 
Twenhofel, little appreciation of the significant relations of these bodies 
or even of their real nature has been evinced. The present writers plead 
guilty, along with most of their contemporaries, to this lack of percep- 
tion, for embedded within the Silurian rocks of northern Indiana is a 
group of reefs, unrivaled in magnitude and geologic interest, yet till re- 
cently completely misunderstood. 

In a previous paper (1927) the writers have given some of the local 
details and have cited the Indiana diterature. In that paper we demon- 
strated that the domelike structures of northen Indiana are coral or 
rather stromatoporoid reefs, and described and named the formations in 
which most of them occur. The present paper gives further details of 
the reefs and their associated strata and describes two higher formations 
which: were not discussed in the earlier paper. We also discuss the strati- 
graphic relations of the reefs in the Niagaran rocks of the entire Michi- 


gan Basin. 


GEOGRAPHIC SETTING: MICHIGAN BASIN AND CINCINNATI ARCH 


The Niagaran rocks of central northern United States occupy the 
eastern and western forks of the Cincinnati Arch and the rim of the 
Michigan Basin, with outlying appendages north, east, and west. This 
region is both a geographic and a geologic entity, bordered on the east 
and west by ancient land masses and embraced on the south by the two 
arms of a less ancient uplift. The Arch is such geologically, but not 
topographically. Although it supports the highest altitudes in both 
Indiana and Ohio, it is, nevertheless, a region of level till plains, shal- 
low valleys, and great glacial moraines and sluiceways, and of infrequent 
outcrops of the underlying, rocks, especially where these are of Silurian 
age. Southward the conjoined limbs of the Arch rise structurally into 
the Jessamine dome—a true topographic basin, the heart of the Blue 
Grass region of Ohio, Indiana, and Kentucky—and the narrowed out- 
crops of the Silurian strata string away on either side into a distinct 
geologic province. 

The Michigan Basin is an oval area of cuesta, lake, and glacial plain, 
rimmed around by an almost complete circle of Niagaran limestones and 
dolomites, which rise into bold scarps and cliffs in Ontario, upper Michi- 
gan, and northeastern Wisconsin, but are far more subdued to the south- 
ward. To this upstanding formation lakes Michigan and Huron owe 
their familiar outlines, and Bruce and Dore peninsulas and Manitoulin 


Island their existence. 





GEOGRAPHIC SETTING d81 


The geologic sag of the Michigan Basin is interrupted by the Precam- 
brian highlands north of the Great Lakes, but reappears in the depression 
of James and Hudson bays, and with it the Silurian including the 
Niagaran. To the north it communicates with the Arctic realm and ex- 
hibits far-away relations with the European province. 

Beyond the confines of the Michigan Basin, both to the east and west, 
the Silurian outcrop extends into New York and Iowa. 


GEOLOGIC FRAMEWORK 
THE STRATIGRAPHIC SEQUENCE 


Lockport and Guelph.—We follow M. Y. Williams (1919), as well 
as most geologists, in regarding the Guelph formation of Ontario as a 
distinct unit above the Lockport formation. The latter, minus the Upper 
Shelby bed, which is referred to the base of the Guelph, is 77 feet thick 
on the Niagara River, according to Williams, and thickens westward to 
more than 200 feet in Manitoulin. It is the cliff former of the Niagara 
escarpment. In the Niagara Falls area it consists of the Decew water- 
lime at the base, the Gasport dolomite, a middle or main dolomite, and 
the thin-bedded Eramosa member at the top. The Decew appears to be 
related to the Rochester shale below. Farther west these divisions cannot 
be recognized. At Hamilton, Ontario, the lower division contains an 
interesting graptolite fauna, described by Bassler (1909). Ruedemann 
(1925) has also described a graptolite fauna from the inter-reef shales 
of the Gasport at Gasport, New York. The importance of this fauna in 
Indiana stratigraphy will appear later. The lower part of the Lockport 
often contains considerable chert. 

The Guelph of Ontario is a granular saccharoidal dolomite varying in 
color from dark brown to almost white, yellowish white, or gray, especially 
on weathered surfaces. The dark colors appear to be due to impregna- 
tion with petroleum. Many of the layers are thick and in some fresh ex- 
posures they appear massive. Clarke and Ruedemann (1903) apparently 
regarded the Guelph as a fauna rather than a formation. It may be so; 
but at any rate the “fauna” occupies a great thickness of strata over a 
very wide area. It is characterized by certain heavy-shelled gastropods, 
pelecypods, and brachiopods and by the corals Pycnostylus guelphensis 
and P. elegans. Williams recognizes as much as 150 feet of Guelph 
formation in Ontario. 

Western equivalents.—The first Western State to have a Silurian 
terminology of its own was Wisconsin, where the Niagaran formations 
were differentiated by Hall, Rominger, and Chamberlin in the 1860°s 
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and 1870’s. Here also a saccharoidal dolomite lies above evenly banded 
cherty limestones, and was named Racine dolomite by Hall (1867). The 
cherty limestone is the Waukesha. In Ohio Orton named a soft granular 
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Figure 1.—Paleogeographic Map of the Central States in Middle Niayaran Time 





This map of the Michigan Basin region and the Cincinnati Arch shows the outcrop 
area of the Silurian (in oblique shading), the general distribution of the reefs (by 
large black dots), and the seas and lands of middle Niagaran time. The shallow waters 
are indicated by solid vertical lines and the deeper waters of the middle of the basin 
by broken lines. The dots do not indicate the actual number of reefs. 


Niagaran dolomite Springfield and Cedarville (1871). After abortive 
attempts of others to recognize the Ohio and New York formations in 
northern Indiana, Kindle (1904) applied the name Huntington to a 
saccharoidal dolomite containing the Guelph fauna, and Noblesville 
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dolomite to a lower formation. In Jowa we have Hopkinton and Gower, 
with no precise correlations. In Illinois the Wisconsin names are used ; 
but with the Racine restricted to pre-Guelph (see Savage, 1926). It is 
evident that a great formation, of very constant lithologic character, 
is widely spread over these States. 

The Indiana sequence-—The Niagaran of northern Indiana was sup- 
posed by Orton (1889) and Phinney (1891) to represent the Springfield 
and Cedarville of Ohio, and to be overlain by the “Lower Helderberg” 
and “Waterlime” formations. The latter author published a fairly de- 
tailed map in which these formations are delineated. Until the work of 
Foerste (1904) and Kindle (1904), these older correlations were ac- 
cepted without protest. Kindle correctly determined the higher Niagaran 
with Guelphic affinities, but failed to understand the lower part of the 
sequence, owing to his misinterpretation of the reefs that abound in these 
lower rocks. Foerste’s two faunally designated divisions (1904, page 35) 
are inverted from their actual position. Neither the stratigraphy nor the 
structure marches with the conventional conception of the Cincinnati 
Arch. 

The key to the stratigraphy is the Mississinewa shale of Cumings and 
Shrock (1927), which outcrops extensively along the postglacial trench 
of the Mississinewa River and here and there along the Wabash from 
Peru to Huntington. Only its upper 75 feet are exposed; but well 
records indicate at least 250 feet of Niagaran below the top of the Mis- 
sissinewa, all of which may probably be placed to the credit of this for- 
mation. A hundred and fifteen feet may certainly be claimed. It is the 
lower formation of the Niagaran in northern Indiana and forms the 
axis of the arch from Muncie to Wabash. It is a calcareous inter-reef 
mud. Analyses show that the lime and magnesia content increases sys- 
tematicallvy toward the northwest, the quarry east of Yorktown giving 48 
per cent magnesium and calcium carbonates; Somerset, 50; Lagro, 52; 
Peru, 66.25; and Kokomo, 74.88. Silica runs from 30.28 in the York- 
town samples to 15.90 at Kokomo. The samples are all from near the 
top of the formation. 

By the time the nearest outcrops that reveal the base of the Niagaran 
are reached in Ohio, at New Paris, Lewisburg, and Ludlow Falls, this 
great formation has completely disappeared; and, according to the sec- 
tions of Foerste (1896) and Prosser (1916), the Springfield (Euphemia) 
rests on a few feet of nondescript limestones and shales that may repre- 
“ent the Dayton, Osgood, and Laurel formations of the southern prov- 
inve, The land lay to the south. 
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On this substantial foundation rests the Liston Creek cherty lime- 
stone of Cumings and Shrock (1927), with the yellow Red Bridge lime- 
stone member at its base. This Liston Creek limestone, with its inclosed 
reefs, is the country rock over an extensive area in Miami, Wabash, 
Huntington, Wells, Blackford, Grant, Howard, Tipton, Hamilton, Madi- 
son and Delaware counties, but is seldom exposed. Along the Missis- 
sinewa and White rivers erosion has gnawed through here aud there into 
the Mississinewa shale. The Red Bridge member is a local deposit found 
chiefly along the Mississinewa River and about Wabash. On the weathered 
outcrop the Liston Creek formation appears as a flaggy cherty limestone 
containing 50 to 90 per cent of lime carbonate and 10 to 49 per cent of 
silica, depending on the amount of chert. It is low in magnesium car- 


bonate. 

The rock is conspicuously and evenly jointed, so that old Guarry faces, 
worked out along the joints, look like evenly laid walls of thin, regular 
flagging. The quarries once furnished much building stone to the local 


market. 

The chert, always present, varies considerably in quantity. In the 
France Company’s quarry at Huntington the weathered rock looks like 
disintegrated concrete. The white chert fairly fills the rock. Toward 
the base, however, the chert nodules are less numerous and the rock is a 
light-colored, nearly pure limestone. Most of the rock in this quarry 
and at Bluffton is browner than is usual for the Liston Creek formation. 
The chert leaves off abruptly at the reef flanks. 

Within the last vear the France quarry at Huntington has been 
worked down 7 feet into the Mississinewa shale. The top of the quarry 
is in the Liston Creek, but is certainly not far below the top of the forma- 
tion, 60 feet of which are exposed in the quarry. This is the thickest 
known section of the Liston Creek limestone. The most typical outcrops 
are along the Mississinewa River and along the Wabash and its smail 
tributaries from Wabash to Peru. Here its relations to the Mississinewa 
shale may best be studied. The State quarry at Ingalls shows neither the 
base nor the top of the formation, but has an especially gocd outcrop of 
the shaly bryozoan bed in the middle. This bed seems to be fairly per- 
sistent and carries a fauna suggestive of the Waldron. 

The: Liston Creek formation and its reefs appear to cunstitute the 
beds correlated by Foerste and others with the Louisville. The fauna of 
the Liston Creek is to all appearances a normal Lockport fauna, abound- 
ing in the common Lockport brachiopods and trilobites, and especially in 
corals of the genera Cladopora, Eridophyllum, Favosites, Halysites, Heltw- 


lites, and Thecia. 
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The Noblesville formation of Kindle (1904) is based on the highly 
inclined beds in the flank of a reef that may lie in the Liston Creek, or 
more likely in both the Liston Creek and Mississinewa formations. It is 
certainly not permissible to name a formation from a reef facies that in 
no way represents the typical formation, either lithologically or faunally ; 
and the name Noblesville is therefore regretfully abandoned. 











Figure 2.—Huntington Dolomite at Ridgeville 


Note the slabby appearance of the upper 20 feet and the massive character of the 
lower part of the section. The slabby character is due partly to weathering. The 
Guelph fossils are found in the upper 1» feet. Pentamerus is found in the lower massive 
beds. 


° 

The Liston Creek formation may be traced along Little River, in the 
eastern part of Huntington, nearly to Idle Hour amusement park, where 
it stumbles against a reef flank, with dips of 5 to 10 degrees south of 
west. A quarter of a mile east along the river the dip has again flattened 
out and a new and higher formation appears in the excavated river 
channel (drainage ditch) and in the huge piles of rock thrown out along 
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its banks. Here is the Huntington formation of Kindle. A half dozen 
water-filled quarries lie off to the northwest and a large active quarry 
three-quarters of a mile to the northeast. These constitute Kindle’s type 
section. A better one may be selected along the recently excavated drain- 
age ditch extending from Idle Hour several miles to the northeast, and 
it is here proposed to regard as the type section of the Huatington forma- 
tion the exposures along the ditch as far as the Huntington type of lithol- 
ogy and fauna extends, These outcrops are not likely ever to be obscured, 
and in any case the ample ridges of excavated rock will always remain. 

The old abandoned quarries north of Idle Hour, to and across the 
railroad tracks, are in the flank of an immense reef, half a mile in 
diameter, which may have its roots in the Liston ‘Creek formation, but 
doubtless extends well into the Huntington. It makes a bad type section 
and is an additional reason for redefining the type section of the Hunting- 
ton formation. The top of the formation is seen in contact with the New 
Corydon cherty limestone a mile and a half east along the ditch. 

It will require a very detailed study and plotting of the uneven dips 
along the ditch to determine the thickness of the Huntington. Our 
best estimate is about 150 feet. Well records support this estimate, or 
even a greater thickness. About 70 feet are exposed in the large quarry 
at Ridgeville, in Randolph County, with neither the bottom nor the top 
of the formation in sight. The rock at Ridgeville is a pure dolomite with 
the exact characteristics of the Cedarville-Springfield (Durbin) of Ohio. 

The Huntington formation underlies practically all of Randolph and 
Jay counties and a narrow strip across Adams, Wells, and Huntington 
counties. It extends eastward into Ohio, apparently constituting almost 
the only Niagaran formation of the large Silurian area north of Spring- 
field. It includes both the Springfield and Cedarville formations, the 
so-called Cedarville capping the exposures in the Ridgeville quarry and 
carrying a Guelph fauna. In Ohio, outside of the Springfield-Lewisburg 
area, outcrops of the Huntington may be seen at the quarries west of ' 
Celina and near Fort Recovery and Greenville. Outcrops in the Tiffin- 
Carey area are referred to this formation by the Ohio geologists, usually 
under the name Guelph (Winchell, 1873). 

The eastern area of Huptington formation is separated by the wide 
area of earlier Niagaran and the Kokomo-Kenneth area of Cass and 
Miami counties from a western area of Huntington which begins at 
about the meridian of Georgetown, six miles west of Logansport. The 
Huntington of this western area sets in along the south bluff of the 
Wabash a little east of Georgetown, in half-buried ridges of coarsely 
granular white to pinkish pure limestone, against which the Kokomo- 
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Kenneth sequence abuts in a most astounding fashion. Here, indeed, are 
Niagaran ridges, probably linear reefs, buried under the “plattenkalke” 
of the Cayugan sea. Outcrops more typical of the western Huntington 
may be seen at Monon and Delphi, where they run up into reefs and 
are overlapped by the Devonion. The western area swings across into 
Illinois, with a final outcrop at Rensselaer, and Huntington rock (Ra- 
cine) reappears in the numerous quarries around the outskirts of Chicago. 
The fate of the Kentland outcrops is still on the lap of the gods. 

The Huntington formation is commonly a saccharoidal yellowish to 
grayish pure dolomite, sometimes almost white; but where it is saturated 
with petroleum, as it is at Monon and Chicago, it may be black. The 
weathered rock is almost invariably medium gray, very porous and 
rough to the feel. The Cedarville phase, as best seen at Ridgeville, is of 
pseudo-odlitic texture, the rounded grains appearing under the micro- 
scope as little bundles of crystals of dolomite. At Huntington the rock 
contains about 60 per cent CaCO, and 40 per cent MgCO, though much 
of it is an even purer dolomite. Ridgeville gives 53 per cent CaCO, 
and 45 per cent MgCO,, indicating an almost ideal dolomite like that at 
Springfield, Ohio. The Georgetown rock contains over 95 per cent of 
CaCO,, but comes from a reef. The perfect preservation of the fossils 
also indicates that the rock at Georgetown is a limestone rather than a 
dolomite. The rock at Monon and Delphi appears to be strongly dolo- 
mitic. Kindle was mistaken in calling the Huntington formation a 
limestone. 

The Huntington is profusely fossiliferous, but where it is strongly 
dolomtic the preservation leaves much to be desired. By the judicious 
use of pastilina or gutta-percha some very respectable identifications can 
be made. . Especially interesting and characteristic are the vast colonies 
of Pentamerus and Conchidium, though they appear to have uo particular 
stratigraphic significance. They may be hangers-on of the reefs. In 
Indiana, Conchidium forms a wonderful layer in the top of the active 
lime quarry at Huntington and a notable bed in the inclined layers at 
the golf links at Delphi. It is extremely abundant at Georgetown. 
Pentamerus is abundant at Ridgeville, but nowhere else have we seen it 
in such numbers as at Lewisburg, Ohio. The fauna is Racine-Guelph. 
Pycnostylus elegans and P. guelphensis are common along with their 
customary associates, the gastropods Bellerophon shelbiensis, Celocaulis 
bivittatus, Lophosptra, Poleumita, Subulites, et cetera, and the brachio- 
pods Monomorella and Trimerella. These characterize the Cedarville 
phase some distance above the base of the formation and are common in 
the top of the Ridgeville quarry and along the Little River dtainage ditch 
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at Huntington. We see no warrant, however, for subdividing the Hunt- 
ington on a faunal basis, and certainly it can not be split on a lithologic 
basis. 

In the bed of the Wabash River, along the boundary between Jay and 
Adams counties, there is an inconspicuous outcrop of a brown cherty 
limestone, which is quarried at two points in the vicinity of New Cory- 
don, Indiana. In the John W. Karsch quarry, south of the river, 
and in the Smith and Baker quarry, north of the river, and farther 
east, 12 to 15 feet of brown, exceedingly nodular, cherty, slightly fossili- 
ferous limestone rest on typical Huntington dolomite with a sharp line 
of contact. To this formation we give the name New Corydon limestone, 


from the near-by village. 
The New Corydon formation is a very nodular, hackly, irregularly 


bedded, brown, somewhat crystalline, very cherty limestone containing 
fairly abundant remains of several genera of corals—Favosites, Strom- 
bodes, Cladopora, and Halysites—and an occasional specimen of Pen- 
tamerus oblongus. A Conchidium and Dawsonoceras annulatum were 
also identified. Halysites is the commonest fossil, and if that genus had 
any significance this rock might be called the Halysites bed. 

We know of no mention of this formation in the literature. It appears 
to be the brown rock of the upper quarries at Decatur, though the water- 
ing up of these quarries makes this identification somewhat dubious. It is 
now well exposed along the drainage ditch several miles east of Hunting- 
ton, and this locality may serve to supplement the type section in case the 
latter disappears through the abandonment of the quarries at New 
Corydon. No representative of this formation is known in western 


Indiana. 
Not a vestige of the Huntington and New Corydon formations is found 


in the area between Huntington and Georgetown, nor to the southward 
through Grant, Madison, and Delaware counties. Muncie, Marion, and 
Wabash lie about on the axis of the Cincinnati Arch; and here every- 
thing is gone, down to the Mississinewa shale, or a thin remnant of the 
Liston Creek formation. The latter reaches its highest elevation above 
drainage at Wabash. Here the dip divides, descending eastward toward 
Huntington and westward toward Logansport, conforming in the latter 
case to the structure of the Trenton~and descending into the Logansport 
sag. Where one would expect to see the Huntington enter again in the 
Logansport basin the field is preempted instead by the Kokomo overlap. 
This well-known formation sets in at Peru, where its upper portion is 
well displayed along the shallow drainage canal a mile and « half west of 


town. Near the gas works, opposite the mouth of Little Pipe Creek, it 





GEOLOGIC FRAMEWORK 589 


appears in the river bank, resting disconformably on the Mississinewa 
shale. At the Markland Avenue quarry, in Kokomo, the formation 
again rests disconformably on the Mississinewa shale. At Bunker Hill, 
6 miles south of Peru, only 5 feet of Liston Creek limestone intervene 
between the Mississinewa shale and the Devonian limestone. Everything 
indicates extensive erosion in the Logansport basin in pre-Cayugan 





FiGuRE 3.—The New Corydon Formation 


The view is of the north face of the J. W. Karsch quarry, a mile west of New Corydon, 
Indiana. The senior author is pointing out the contact between the New Corydon lime- 
stone and the Huntington dolomite. The slight dip is due to the presence of a small 
dome near by. 


time. It is not only a structural depression but a pre-Cayugan valley 
region. In this depression the Kokomo-Kenneth formations were de- 
posited, and later the Devonian limestones, which overlap everything. 
One may readily believe that the Kokomo Sea eitered this sag from 


the north and did not extend very far to the east, west, or sonth. Besides 
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its eurypterids, the Kokomo is now known to contain a considerable 
fauna of corals, brachiopods, and ostracods. 

Logansport stands on Kenneth and Devonian rocks. The Kenneth 
limestone of Cumings and Shrock (1927) is a very cherty, lithographic, 
light-colored, white-weathering rock containing the brachiopod fauna 
mentioned by Foerste, O’Connel, and others in connection with the 











Figure 4.—Type Section of the Kenneth Limestone 
This view is in the large active quarry at Kenneth, Indiana. The man’s right hand is 
on the contact of the cherty Kenneth and the underlying Kokomo limestone. The 
beds between his two hands are somewhat transitional in character. 


Kokomo limestone. It is about 25 feet thick at the Kenneth quarries, 
33 feet at Blue Hole, and 40 or more at Fitchs Glen. Its index fossil is 
Celospira congregata, which often covers the surfaces of the layers. 
Chonetes colliculus and two undescribed species of Gypidula are also 
common. At Kokomo the Kenneth and Kokomo limestones appear to be 
disconformable with each other, but in the Logansport region the evi- 
dence of disconformity is not so clear. If our view is correct, that the 
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Kokomo formation at Kokomo was deposited in a marine playa, then 
some of the beds that are present in the offshore waters of Logansport 
may be absent from the mud flats of Kokomo. Both the lithology and the 
fauna indicate something of the sort. Both the Kenneth and the Kokomo 
formations are involved in the striking overlap on the Huntington lime- 
stone at Georgetown. In section 31, a mile and a quarter seuth of Ken- 
neth Station, the Kenneth limestone may be seen overriding a pinnacle of 
Huntington rock. A little way to the West of this place and again a 
mile east, near the Logansport Road, steep slopes of Huntington rock are 











Fiecure 5.—Kenneth Limestone at Kokomo 


This view of the northeast corner of the Markland Avenue quarry at Kokomo, Indiana, 
shows the very rough-looking Kenneth limestone resting disconformably on the Kokomo. 


flanked by the Kokomo-Kenneth formations. At Cedar Rapids, a mile 
northeast of Georgetown, the Devonian overlaps the great Georgetown 
reef of Huntington rock from the west and the Kokomo from the east. 
Here is a structure that has been twice buried under later sediments and 
is again baring its battered head to the light of day. 

Correlations—The Mississinewa shale, lying at the base of the Ni- 
agaran, and the Liston Creek formation, resting on it, have a combined 
thickness in the Wabash Valley region of at least 300 feet, below the 
Huntington. At Ludlow, 20 miles northwest of Dayton, Ohio, according 
to Prosser (1916), 25 feet of Niagaran strata separate .the Brassfield 
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limestone from the Springfield (Euphemia) dolomite. No formation of 
southern Ohio or southern Indiana exactly corresponds lithologically with 
the Mississinewa nor with the Liston Creek. At Lewisburg, Ohio, on the 
National Road, 20 miles east of Richmond, Indiana, Prosser found about 
22 feet of rock between the Brassfield limestone and the base of the 
Springfield dolomite, in which small thickness he recognized representa- 
tives of the Dayton, Osgood, and Laurel formations of southern Indiana. 
If any of these formations is represented in northern Indiana, it can be 
recognized neither by its lithology nor its fauna. The Dayton and the 
Osgood may be present near the base of the Mississinewa. The outcrop on 
Blue River, west of Spiceland, Indiana, is the farthest southeast of any 
outcrop in the northern Indiana area. The rock exposed at this place is a 
hard, brown, dense, massive limestone that looks not unlike the Dayton 
limestone, but to correlate it with the Dayton would be mere guesswork. 
Lithologically the Liston Creek limestone resembles the Laurel dolo- 
mite of southern Indiana, but their faunas do not warrant correlating 
them. Apparently the Mississinewa-Liston Creek sequence wedged out 
against a landmass across central Indiana and southern Ohio. The 
main contribution to the great thickness of these formations in northern 
Indiana was made by the contemporaneous reefs. Whether there was 
pre-Huntington erosion across the area can not yet be determined. 
That the Huntington overlapped beyond the area of Mississinewa-Liston 
Creek deposition is practically certain. 

In the top of the Mississinewa formation at Yorktown and Markle 
we have found a remarkable suite of graptolites, not known elsewhere in 
the Missisippi Valley region or, indeed, anywhere on the continent 
outside of New York and Ontario. The species which have been de- 
scribed by the junior author? belong to the genera Callograptus, Dendro- 
graptus, Desmograptus, Dictyonema, Diplograptus, Thalloqraptus, Ino- 
caulis, Medusegraptus, Acanthograptus, and Monograptus. Out of 28 
species 15 are known from the base of the Lockport at Hamilton, On- 
tario, and 7 from the Gasport shale bed at Gasport, New York. Accord- 
ing to a personal communication from Dr. R. Ruedemann, the Diplo- 
graptus and Monograptus find their nearest relatives in England and 
Bohemia. Stray specimens of several species have been found at various 
other localities in the Mississinewa shale. The rest of the Mississinewa 
fauna is conventional, containing the common brachiopods of the genera 
Anastrophia, Atrypa, Camarotechia, Dalmanella, Rhipidomella, Lep- 
tena, Meristina, Whitfieldella, Strophonella, and especially the large 





2Mr. Shrock has described this material in a paper which appears in the American 
Journal of Science for July, 1928. . 
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Ficure 6.-—Stratigraphic Chart 


The chart shows the Columnar sections from Springfield, Ohio, to southeastern Wis- 
consin. Note the absence of the Huntington and New Corydon formations from the 
region between Huntington and Georgetown. 
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cephalopods Dawsonoceras, Orthoceras, and Protokionoceras. We may 
fairly conclude that the top of the Mississinewa shale represents the 
base of the Lockport or the top of the Rochester. What, then, do the 
lower 200 feet of the Mississinewa represent? We can.only conjecture, 
for all this is hidden from view. Southeastward the entire Mississinewa 
has disappeared. Where the Niagaran emerges from the drift in 
northeastern Illinois, the lower member is a yellowish gray to pinkish, 
evenly bedded dolomite, the upper portion of which bears a curious 
resemblance to the Red Bridge limestone. If the Waukesha may be cor- 
related with the Liston Creek, as seems more than likely, the Joliet of 
Illinois may represent the Mississinewa. We have seen that the latter 
becomes more calcareous toward the northwest. Fifteen of the 34 species 
listed by Savage (1926) from the Joliet formation occur in the Mis- 
sissinewa shale, though there is nothing especially diagnostic in Savage’s 
list. We have more faith in the stratigraphy and lithology in this case 
than in the fauna, and on that basis a fair correlation of the Mississinewa 
with the Joliet can be made. The greater part of both is furthermore, 
below the base of the Lockport, and so may represent the Rochester shale 
of New York. Bassler evidently regards the Hamilton graptolites as of 
upper Rochester age (1915). 

There is less difficulty about the correlation of the Liston Creek 
cherty limestone. Lithologically and faunally it corresponds almost ex- 
actly with the Waukesha of Wisconsin and northeastern Illinois. It has 
the same flaggy bedding, the same clean jointing, the same abundance of 
white chert, the same abundance of corals. Pentamerus oblongus is 
present, but not especially abundant. It is not a diagnostic fossil, at any 
rate. Corals of the genera Alveolites, Amplerus, Cladopora, Eridophyl- 
lum, Favosites (favosus, forbesi, hispidus, niagarensis), Halysites, Helio- 
lites, Plasmopora, Strombodes, Syringopora, and Thecwa are the charac- 
teristic fossils. The trilobites Bumastus insignis, B. iorus, Calymene ni- 
agarensis, C. cf. vogdesi, Cheirurus niagarensis, Dalmanites vigilans, 
Encrinurus indianensis, Pro etus sp., Sphererochus romingeri are com- 
mon and characteristic. Conchidium laqueatum, C. littoni, and C. multi- 
costatum appear among the brachiopods, but most of the large number 
of species of that class are conventional. The stratigraphy is in full 
accord with the faunas, for both the Liston Creek and Waukesha lie 
immediately beneath the great Racine dolomite. The lower Hopkinton 
of Iowa may also probably be correlated with the Waukesha and the 
Liston Creek. The fauna indicated above, with the addition of the 
common stromatoporoids Clathrodictyon and Stromatopora, fits in well 
with the typical Lockport fauna of New York, as recently analyzed by 
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M. Y. Williams (1919). Its similarity to the great Louisville fauna will 
be obvious to anyone, especially in its unique deployment of corals, and 
perhaps also in the occurrence of Conchidium. The Louisviile limestone, 
however, thins out completely in Decatur and Rush counties, as Foerste 
(1896, 1897, 1898), Price (1900), and Kindle and Barnett (1909) have 
shown, and along with it the Waldron. To what extent this signifies pre- 
Devonian erosion and to what extent it is due to failure of deposition to 
the northward we can not determine. Schuchert (1910) apparently de- 
cided in favor of the latter alternative. The bryozoan fauna in the midst 
of the Liston Creek somewhat resembles the Waldron fauna, but hardly 
as vet warrants a correlation. The great similarity of the Louisville 
and Liston Creek faunas is an ineluctable fact, whichever alternative we 
adopt. 

The Huntington dolomite of Indiana, the Cedarville-Springfield of 
Ohio, and the Racine dolomite of Wisconsin (Racine-Port Byron of 
Illinois) are lithologically identical Hand specimens of the Huntington 
dolomite from Ridgeville, Indiana; of the Cedarville dolomite from 


Springfield, Ohio; and of the Racine dolomite from Racine, Wisconsin, 


can scarcely be told apart. All three are pure dolomites, closely approach- 
ing the 56:44 ratio. Of the 152 species of fossils identified by us from 
the Huntington of Indiana, 39 occur in the Racine and 12 others in the 
Guelph, making a total of 51 common to the Huntington and the Racine- 
(iuelph. Out of 52 Racine species found by us in the Niagaran of In- 
diana, 39 occur in the Huntington. If future collecting maintains this 
ratio, three-fourths of the Racine species will be found in the Huntington. 
Of the remaining 101 species (the 152 minus the 51 Racine-Guelph 
forms), 33 are only generically identified, 6 are wide-ranging forms, 
and 20 were first described from the Indiana region. Several interesting 
species of Conchidium and 5 species of gastropods fall in the latter 
group. Stratigraphic tracing supports this correlation. The gap between 
Monon, Indiana, and Chicago is not great, and the rock exposed in the 
quarries at Monon is precisely like that seen in the Chicago quarries, even 
to the large, loosely joined crystalline granules, the impregnation with 
petroleum, and the association with reef structures. Monon, on the 
other hand, joins up stratigraphically and lithologically with Delphi and 
Georgetown, and the latter easily correlates across with Huntington and 
Ridgeville. Eastward into Ohio the association is even closer. The ap- 
pearance of the Huntington dolomite at Ridgeville and the Springfield- 
Cedarville at Springfield amounts to identity, even to the thin, slabby 
Cedarville beds, with their Guelph fauna, at the top of the Ridgeville 


XXXIX—BvtLu. Geon. Soc, AmM., Vow. 39, 1927 
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quarry, just as they cap the exposures at Springfield and Cedarville, 
Ohio. 

Opinions still differ as to the relations of the Racine and the typical 
Guelph of Ontario. Savage restricts the Racine of Illinois to a com- 
paratively small thickness of dolomite and proposes to call the great 
overlying mass containing the Guelph fauna the Port Byron (1926). 
In Illinois, Wisconsin, and Iowa it is customary to speak of the Racine 
and Guelph. M. Y. Williams (1919), Nicholson (1875), and most other 
Canadian geologists apparently regard the Racine as Guelph. Williams, 
after seeing the Racine in the field in Wisconsin and Illinois, was more 
than ever convinced that it should be correlated with the Guelph. It seems 
to us that the Guelph fauna of Ohio, Indiana, Illinois, and Wisconsin 
invaded the region in the midst of a great period of reef-building and 
coral sand deposition, which extended throughout Huntington or Racine- 
Guelph time. It is to us a single, well-defined episode, ushered in by an 
increasing spread of the coral seas at the close of Liston Creek time and 
terminated by the return of silica-laden waters in the restricted sea of 
the New Corydon. In Indiana the Huntington is one and indivisible. 


THE SEAS AND LANDS 


Paleogeographic maps are useful, but dangerous. They are useful in 


visualizing an interpretation, but dangerous if taken too seriously. They 
are always approximate; for, as Walther has well said, the smallest geo- 
logic interval that may legitimately be selected for such interpretation 
contains within it many minor shiftings of the strand. 

Our paleogeographic map of the middle Niagaran represents such an 
uneasy interval. Its main purpose is to show the location of a great sys- 
tem of coral reefs, extending from New York to Iowa, and to suggest the 
outline of the sea in which they grew. Certain things on this map are 
definite and bevond cavil. First, the outcrop area of the Silurian, repre- 
sented by the oblique shading, is a fact. Most of it is occupied by 
Niagaran formations. Second, the Michigan Basin, the Cincinnati Arch, 
and the ancient uplands of Wisconsin and eastern Ontario are facts and 
have been facts since before the Silurian. Third, the thinning of the 
Niagaran rocks radially outward from the Michigan Basin is a fact. We 
have already stated some of the evidence of this, and more is supplied 
by both surface and subsurface data. In Iowa, according to Savage 
(1905), the Niagaran decreases in thickness toward the northwest, and 
in Winshiek and Howard counties the Devonian rests on the Maquoketa. 
A little way south of Rock Island, Illinois, Udden’s well records (1914) 
show no Niagaran. Udden assigns to the Devonian practicaily all of the 
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great limestone formations of the Devonian-Silurian interval in the 
wells of Clark County, Illinois, west from Terre Haute, Indiana. With 
1,400 feet of Devonian in southwestern Illinois, this seems reasonable. 
The thinning of the Niagaran toward southeastern Indiana is well 
known. East of the Arch, in Ohio, all of the northern type of Niagaran 
has disappeared before the Ohio River is reached and a strip of shales 
and impure limestones extending into Kentucky represents rather more 
Clinton than Niagaran (Foerste, 1906). What happens under eastern 
Ohio is hard to say. The “big lime” of the drillers does not tell us 
much; but no Niagaran higher than the Rochester is left in the Appala- 
chian province. In New York the Niagaran disappears beyond Roch- 
ester, and in Ontario it thickens notably to the westward. Only one 
serious doubt remains. Did the Louisville sea transgress the Indiana bar- 
rier? We can not resolve this doubt, but we think it did, momentarily, 
else how came these identical corals in the Wabash and Louisville basins ? 

We have represented a sea opening out into the Arctic realm at the 
north, as Weller long ago showed (1898), with a bay extending into New 
York, another into Iowa, and a southern coastline winding through cen- 
tral Ohio, Indiana, and Illinois. In the shallow waters around its mar- 
gin, over a belt 50 miles or more in width, corals and stromatoporoids 
built thousands of moundlike reefs, beginning in lower Lockport time 
and ending in the Guelph. 

But what of the lands? According to the modern literature of sedi- 
mentation, such as the works of Walther, Collet, Andrée, Grabau and 
Twenhofel, the sediments of the sea margin and of shallow continental 
seas generally are indices of conditions on the contributory lands. Where 
the sediments are purely organic, as in some perfectly pure limestones or 
pure dolomites, such as Skeats (1905) has shown some reef formations to 
be, the land is merely noncontributory. This might mean that the land 
is too remote or that it is two low to contribute any mechanical silt. 

F enipg lands may, however, contribute material in solution, and W. A. 
Tarr (1927) has recently shown that chert may have originated as a 
silica gel derived from the leaching of the land and deposited contem- 
poraneously with the normal sediments. Granting this, the very cherty 
Liston Creek limestone would indicate low moist lands subject to chemi- 
cal denudation in order to supply the ample quantity of silica# In the 
preceding Mississinewa time the land stHl] contributed some fine mud, 
which found its way out among the reefs. In the succeeding Hunting- 
ton time either the land was so low and so completely leached that it 
furnished not only no mechanical silt, but no dissolved silica, or it was 
too dry. The aridity of the succeeding Cavugan might suggest the latter 
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alternative: but the return to chert deposition in New Corydon time 
favors the former, and a renewal of uplift during the New Corydon. This 
would also harmonize with the almost complete ‘withdrawal of the Ni- 
agaran sea. 
Tue Reers* 
GENERAL DISCUSSION 


We have endeavored to build a solid stratigraphic foundation for the 
discussion of the grandest system of fossil reefs on the American con- 
tinent. The great crescent extending from Ontario to lowa and Wis- 
consin, around through Ohio and Indiana, is more than a thousand miles 
in length. If the Wabash Valley is a fair sample of what the entire re- 
gion would be like were the glacial drift removed, the reef mounds must 
have been crowded in the Niagaran Sea like the coral islets behind the 
Great Barrier of Australia. 

We have given a preliminary description of several of the better dis- 
played Indiana reefs in our previous paper (1927). Many additional 
details are now available, not only for Indiana, but for other parts of the 
wider area; and, with our fuller knowledge of the stratigraphy of the 
region, we are now able to outline the entire history of reef building in 
the Niagaran of central North America. 

Chamberlin demonstrated the reef character of the Niagaran qua- 
quaversals of Wisconsin in 1877; but that seed fell on stony ground. 
While in Europe, under the stimulus of Darwin’s great treatise, geol- 
ogists eagerly sought out the fossil reefs in the Wenlock, at Cracoe, in 
Gotland, Belgium, the eastern Alps and Tyrol, all the way up from the 
Silurian to the Jurassic, most American geologists hesitated over the 
steep dips and the relative scarcity of corals. W. H. Norton (1901) 
stated that the reef theory does not explain the steep dips nor the lack of 
downward thickening or the lamine. Kindle (1904) could explain 
neither the steep dips nor the lack of corals. Alden (1902), in the Chi- 
cago Folio, explains the beautiful structure at Stony Island as an “up- 
heaval,” though the Chamberlins long ago recognized that it is a reef. 
In 1922 Cumings, misled by the Kentland fault and the ste»p dips, drew 
back from the reef theory. 


°’The terms reef and coral reef are both more or less misleading. Reef has many other 
connotations, and coral reef encourages the common misconception that reefs are largely 
made of coral, whereas many of them were formed by other organisms, such as alge, 
hydrozoans, crinoids, mollusks, et cetera. The authors have for some time used the term 
“bioherm,” from the Greek root Bro-, having the meaning organic, and gpya, the word 
for a reef. This word was applied by the Greeks to coral reefs as well as to reefs in the 
ordinary sense. The word bioherm is formed on the analogy of such words as endoderm, 
echinoderm, et cetera. We commend it to the attention of students of coral reefs. 
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Yet very steep dips and partial or complete absence of the remains of 
corals and other organisms in the immediate reef structure are prime 
characteristics of modérn reefs, as Darwin, Dana, Jukes, Saville-Kent, 
Murray, Agassiz, Wharton, Walther, Mayor, and a host of others have 
demonstrated again and again. Langenbeck (1890, 1897) has ex- 
haustively reviewed the literature of coral reefs, both ancient and modern, 
and repeatedly calls attention to their extraordinarily steep slopes. For 
example, on Bougainville reef there are slopes of 53, 76, and 90 degrees; 
on the Dart reef, 64 degrees; on the Macclesfield Bank, 51 degrees. 
Raine Island reef has slopes of 55 degrees. On Indispensable reef, near 
the Solomon Islands, the slope was so steep that no anchorage could be 
found. Profound depths within a ship’s length are frequently men- 
tioned by Darwin, Dana, and others. Mayor (1924) gives a number of 
profiles of the seaward slopes of Tutuila, with angles up to 70 degrees, 
though talus slopes of pure coral débris are apparently not over 30 de- 
grees. Where the corals are growing vigorously on the reef edge the 
slopes may be cliff-like. 

It is equally well known that the action of the breakers on the reef 
edge, especially on the windward side, the filling in of all cavities with 
coral sand and mud, the insistent attack of boring and predatory or- 
ganisms, and the sweeping diagenetic changes that pursue the reef struc- 
ture from the time it is first formed finally obliterate practically the last 
vestige of organic structure and rapidly reduce the reef to a solid, 
dense mass of stone. Walther has given a perfect description of this 
process in his memoir on the reefs of the Sinai Peninsula (1888), and 
has again discusseed it in his splendid Allgemeine Paleontologie (1919). 
Students of the reef problem would do well to read his chapter on “Die 
Kalksteine.” 

Long ago Hartt (1870) described an interesting type of Brazilian 
reef which the natives call Chapeiroes (big hats). These grow vertically 
upward from depths of as much as 70 feet and spread oui at the top 
like mushrooms. They may be frgm a few feet to many feet in diameter 
and are often so close together that a boat can scarcely sail between them. 
They are towerlike reefs. If such a growing mass comes within the reach 
of waves of sufficient strength, the coral sand and broken masses of 
various sizes will fall back around it in a steeply inclined talus on which 
corals and other organisms will gain a foothold. Owing to the rapid 
cementation of this material and the enmeshing growth of organisms 
upon it, this talus may assume angles far beyond the customary angle of 
repose of loose materials. If the sea level remains stationary or rise3 
only very slowly (as in gradually subsiding basins), a shallew platform, 
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the reef-foot of Kramer (1897), will be formed around the preiphery 
of the reef, separating the steep talus slope from the reef edge. Some of 
the more massive corals may grow in the zone of breakers on the reef 
edge, and in recent reefs this edge is often veneered with Lithotham- 
nium and other calcareous alge, which protect the reef and bind the loose 
material into a firm mass. The reef foot and portions of the steep sea- 
ward slope are usually covered with a luxuriant growth of corals. Here, 
on foot and edge, is a mill to which the reef-building organisms bring 
grist to be ground by the waves arid by boring and predatory organisms. 
The débris fills the chinks of the reef and falls back over the slope, ex- 
tending the talus; and so the reef widens. If the sealevel is rising, the 
reef heightens. Diagenetic changes rapidly obliterate the organisms 
that supplied the material of the reef. The end result is a mound of 
steeply inclined layers of limestone or dolomite surrounding a massive 
core and interwedging around its periphery with the muds and sands that 
build up over the level sea-bottom between the reefs and occasionally 
litter their slopes. Compression due to the weight of overlying deposits, 
fuleruming against the resistant mass of the reef core, may subsequently 
still further steepen the initial dips of the fore-reef. In this way the 
Indiana reefs were formed, and this is an accurate description of their 
form and structure. 
INDIANA 


Let a few of the Indiana reefs testify. The outstanding example of 
the structure just described is the reef at the Big Four railroad station 
at Wabash, Indiana. The section exposed in the railroad cut is about 900 
feet long and runs exactly through the center of the reef from flank 
to flank. The central mass, which we call the core, is about 250 feet 
across and consists of unstratified, ragged, porous gray dolomite, much 
cut up by curved slickensided joint surfaces and splotched with little 
pockets and specks of calcite. When these latter are sufficiently weathered 
it becomes evident that most of them are diagenetically modified remains 
of stromatoporoids. The core rock is a breccia or sand of stromatoporoid 
and other organic fragments, extensively diagenized and reduced to a 
porous, inchoate, mealy mass. Few fossils can be recdgnized in it, though 
on the back of the isolated spur east of the tracks many irregular masses 
of stromatoporoids stand ou! on the weathered surface, and pockets of 
shale that must have originally filled voids in the reef are crowded with 
Bryozoa. Scarcely any corals are present in this reef. This core was 
the direet constructive work of the reef-builders, like the Chapeiroes of 
Brazil. Walther (1888) estimates that two-fifths of a reef consists of the 
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modified remains of organisms and three-fifths of coral sand ; so that even 
in the core the organisms merely build a meshwork to hold the coral 
sand. 

Leaning against the massive core, with dips up to 65 degrees, are the 
inclined beds of the reef flank or fore-reef (iibergussschichtung of Moj- 
sisovics, 1879). These beds interwedge outward with the inter-reef 
deposits, which in this case consist of the calcareous muds of the Missis- 
sinewa shale. The great tongues of dolomite that extend out from the 








Ficure 8.—Flank of the “Wabash Dome” 


A detail of the north flank of the reef at the Big Four station, Wab sh, Indiana, show- 
ing the interfingering of the reef rock and the Mississinewa shale. The core of the reef 
is to the left. At a and b are massive tongues of dolomite, between which lie wedges of 
shale. 


fore-reef into the surrounding shale were built partly by the organisms 
that lived on the submarine slope of the reef and partly of material dis- 
lodged from the reef edge by the waves and deposited on the slope. Our 
sketch (figure 7) is drawn from careful measurements, field sketches, 


and photographs. The inclined beds were formed as an en:meshed talus 


surrounding the reef and by the organisms that lived on the slope. They 
are fairly well stratified, but very massive, and may thicken and thin 
abruptly. The dolomite tongues are beautifully exhibited in the north 
flank of the reef (see figure 8). They consist of a very hard, tough 
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dolomite, evidently formed mostly of fine coral sand and organisms. 
Sometimes the inclined beds contain large, irregular masses of coral rock 
wrenched from the reef by the waves and hurled over the submarine 
slope. The fore-reef is more fossiliferous than the core rock. The fol- 
lowing chemical analyses were made of samples selected from many 
parts of the core and flank and quartered so as to represent an average : 


The core rock contains— 


The difference in insoluble matter is significant. The flank was con- 
taminated more or less by the mud and perhaps by the dissolved silica of 
the surrounding sea. The core is a nearly pure organic contribution. 
In both cases the rock is strongly dolomitic. 

The exposed part of the reef is 45 feet high, but its base is below track 
level, and the appearance of the flanks indicates that it has been strongly 
truncated by erosion. The South Wabash reef, just across the river, ex- 
tends to the top of the bluff, 80 feet above the river. It is probable that 
both of these reefs have their bases at about river level. The reef at 
Hanging Rock, near Lagro, rises from river level in a bold overhanging 
cliff 75 feet high. Many of the reefs 2’omz the Wabash, where the glacial 
waters stripped off the drift, stand out in conspicuous rounded hills, 
owing to their supperior resistance to erosion. For these hills we pro- 
pose to adopt the Swedish name flintar (singular klint), already intro- 
duced to American students by Grabau (1913) and Twenhofel (1916, 
1926). They will be described in detail by the junior author of this 
paper. Several of these klintar are 60 or 70 feet high without showing 
either the top or the base of the structure. 





* Analyses by Paul Smith, Indianapolis. 
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The top of the Mississinewa formation is 75 feet above river level at 
Wabash; hence at least the upper 75 feet of the formation is character- 
ized by reefs. ' 

The South Wabash reef is not so well exposed as the one at the Big 
Four station, but several small quarries reveal its main features. The 
accompanying sketch (figure 7) has been carefully drawn from measure- 
ments of distance and dip. It is at once apparent that this reef rises 
into the Liston Creek formation. The Red Bridge member is well ex- 
posed at the west end, with the Mississinewa shale lying beneath it, and 
the latter is also exposed in the bank of the creek just east of the reef. 
The reef has its roots in the Mississinewa shale. It is of the same size as 
the one at the Big Four station. One of the small quarries exposes the 
edge of the core and the calcite-filled brecciated rock. Corals are more 
abundant than in the Wabash reef. A noteworthy feature of this reef 
is the down-bending of the layers of modified Liston Creek and Red 
Bridge limestones near the reef flank. This feature has been observed 
in a number of reefs, especially in the one in the railroad cut a mile east 
of Rich Valley station and in the Bluffton reef (figure 7). It had oc- 
curred to us that this is due to the settling of the heavy reef mass into the 
underlying sediments, and this surmise is confirmed by an observation 
of Sluiter (1890), quoted by Langenbeck (1897) and Kriimer (1897), 
that the island of Onrust, in Batavia Bay, as shown by borings, has set- 
tled 7 to 9 meters into the mud. The reef there is 20 meters thick. This 
settlement should also cause an upbulging of the mud just beyond the 
periphery of the reef. Wiman (1897) mentions a similar settling of the 
Gotland reefs, and his photographs show it plainly. Twenhofel (1926) 
also mentions this phenomenon, Sluiter observes that corals may start 
their growth on small stones or pieces of pumice and may gradually en- 
large and sink into the mud until finally a mass of sufficient size has 
been formed to serve as a more secure foundation. 

Dips as high as 50 degrees are shown in this reef. At the flanks the 
beds flatten out and change by lateral gradation and interwedging into 
the normal Liston Creek facies. On the west flank, where the inclined 
beds begin, the rock is a pinkish, crinoidal, rather crystalline limestone. 
It is a coral sand breccia. At the top of the exposure, where the Liston 
Creek limestone merges into the reef rock, fossils are extreme!y abundant, 
trilobites, brachiopods, and Bryozoa being the commonest. The chert of 
the Liston Creek leaves off abruptly at the reef flank. 

This last fact, observed also at Bluffton, Rich Valley, and many other 
places, seems to support Tarr’s contention that chert and flint are con- 
temporaneously deposited or precipitated silica gels. If the chert has 
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been formed by subsequent replacement, why should it avoid the reefs? 
There is just as much opportunity for water circulation in the reefs as 
elsewhere, and even more. They show every evidence of extensive dia- 
genetic and katamorphic changes, including segregation of calcite, dolo- 
mitization, et cetera. But a reef, built in the breakers, of material sup- 
plied by-its own constructive efforts, is not the place for the quiet settling 
down of colloidal gels. It is the source of its own materials. The inter- 
reef beds are built of materials supplied in part by the reefs and in part 
by the sediments and solutions derived from the land. If the silica gel 








Fictre 9.—Fore-reef at Bluffton 


Flank rock of fore-reef (iibergussschichtung) of the reef at Bluffton, Indiana. The 
core is to the right and the normal Liston Creek beds to the left. Note the great thin- 
ning of the wedges as they leave ghe reef. 


comes from the land, it should be present in the inter-reef rock, but not 
in the reefs. At any rate, it could hardly be precipitated in the agitated 
waters of the reef. 

The most striking display of the relation of the reef flank (iiberguss- 
schichtung) to the inter-reef beds, in all northern Indiana, is in the large 
quarry of the France Stone Company, 244 miles northwest of Bluffton. 
Our sketch (figure 7) is drawn from photographs and field sketches. 
When the photographs were taken the northwest wall of the quarry cut 
the reef tangentially through the periphery of a mound-shaped core. 
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The wall has since been worked back far enough, so that the core rises 
nearly to the top of the quarry—that is, the layers that arch over the core 
also dip toward the observer. This fact should be kept in mind in in- 
terpreting the sketch. 

The core rock is an unstratified, splintery, blue, rather soft, crvstalline 
dolomite containing much calcite. Very few fossils except corals occur 
in it. The flanking rock, or fore-reef, consists of very heavy beds that 











Ficure 10.—Peripheral Zone of the Bluffton Reef 


The rock to the left of the center of the picture is cherty Liston Creek limestone, dip- 
ping to the right. In the rock to the right of the center the chert has disappeared and 
the beds are rapidly becoming more massive and starting to dip up into the fore-reef. 


flatten out and thin rapidly as they leave the reef and approach the nor- 
mal Liston Creek strata (see figure 9). The dip changes abruptly from 
as much as 33 degrees to nothing. Before joining the normal cherty 


beds the thinning layers undulate irregularly and the whole wavy mass is 
bowed downward, so that the layers finally rise toward the Liston Creek 
beds. This again exemplifies Sluiter’s observation. Chert leaves off 
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abruptly where the normal strata terminate, but reappears sporadically 
in the down-bent, wavy beds. These transitional wavy beds also become 
somewhat argillaceous, indicating that the peripheral sag acted as a 
catch-basin for very fine terrigenous mud. The reappearance of some 
chert here might be similarly interpreted. 

On the east wall of the quarry a small parasitic reef, composed of an 
exceedingly ragged breccia, lies in this transitional zone. In the south 
wall the Liston Creek beds lie in their normal position. The quarry is 
about 40 feet deep. 

The flank rock of this reef is a yellow-weathering, very fossiliferous 
coral sand rock. Corals are extremely abundant and often beautifully 
preserved. Many of the specimens, however, are broken an-] incomplete 
colonies, resting in various attitudes, as one would expect to find them 
in reef flank. Halysites and Favosites are the common genera. Many ex- 
cellent specimens of stromatoporoids were also found. 

The reef in the railroad cut a mile east of Rich Valley station is sec- 
tioned about through the center by the excavation. It measures more 
than 1,500 feet from flank to flank and is exposed to a depth of 15 feet. 
At the east end of the cut the Liston Creek beds undulate, dipping in 
toward the core at an angle of 14 degrees; but the dip soon reverses and 
rapidly steepens as the core is approached. Near the axis of the core 
pockets of shale show a peculiar crumpling, not observed elsewhere. 
This is probably due to differential movement along the curved slicken- 
sided joint surfaces that cut the core. Many other reefs show evidence 
of this type of movement. 

A unique outcrop occurs in the bed of a stream in the south half of 
section 10, township 28 north, range 8 east, 144 miles north of Andrews, 
Indiana. Here the strike of the truncated fore-reef swings round in a 
smooth curve of large radius, indicating a reef 2,000 to 2,500 feet in di- 
ameter, comparable in size to the great reef at Huntington. 

Another reef of enormous dimensions is exposed in the high bluff of 
the Wabash River near Shanty Falls, a mile west of Wabash. This is 
probably the most spectacular reef outcrop in the State. The grim gray 
reef rises with westerly dip just east of the mouth of Shanty Falls Creek 
and extends with gradually culminating grandeur for half a mile along 
the bluff. the dip finally shifting to easterly. At their maximum the 
rugged cliffs rise 80 feet above the river, fringed by a heavy talus at their 
feet. (Great cavernous holes are eaten out of the face of the towering 
mass. The section cuts the core and brings out wonderfully well the ex- 


traordinary massiveness of these unbedded gigantic mounds of rock. In 
the bluffs of the creek at the picturesque Shanty Falls the horizontal 
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beds of the Liston Creek limestone, Red Bridge member, and under- 
_lying Mississinewa shale are clearly exposed. This reef undoubtedly has 
its roots in the Mississinewa shale and extends far up ints the Liston 
Creek limestone. 

Another mighty reef of similar character rises out of the horizontal 
beds of the Liston Creek at the mouth of Mill Creek, a few miles farther 
west. It forms a conspicuous hill (klint), sliced off by a 65-foot cliff 
facing the creek on the east. Here, also, many small caverns pit the face 
of the cliff. 











Fiecre 11.—A Wabash Valley Klint 


Hanging Rock, just east of Lagro, Indiana. This overhanging mass, 75 feet high, is an 
isolated erosion remnant, or klint, due to the great resistance of the reef rock. The 


core was to the right. The base of the reef appears to be nearly at river level. 


The great reef in the quarry district just east of Huntington can no 
longer be studied in detaii, owing to the watering up of the abandoned 
quarries. By plotting the dips in the half dozen quarries in which parts 
of this reef are exposed, we have determined that it is rather more than 
halt a mile in diameter. Some of the rock exposed around the edges of 
the various openings is of Huntington type, and, indeed, these are the 
outcrops from which Kindle named the formation. On the other hand, 
the rock in the quarries at Idle Hour and in the western portions of the 
large abandoned quarries at the railroad tracks resembles the Liston 
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Creek. The proximity of these quarries to the France quarry, which 
is entirely in the Liston Creek limestone, except that it penetrates the 
Mississinewa shale at the base, would also indicate that this large reef 
began its growth in Liston Creek time or earlier. The reefs at Delphi 
seem to tell a similar story, and they undoubtedly extend into the Hunt- 


ington. 

The confused dips along Little River east of Idle Hour and in the 
small abandoned quarries just north are difficult to interpret, but seem 
to indicate a parasitic reef on the flank of the main structure. 

The situation at Delphi is equally unsatisfactory. All of the important 
quarries are filled with water and only a little rock can be seen around 
their edges. In several no rock at all is now visible. The quarry district 
extended from the north edge of town, where the railroad crosses the dry 
bed of Deer Creek, northward for a mile to the north edge vf section 20, 
and westward and southwestward into the bend of the river, toward 
Pittsburgh. Nine or ten abandoned quarries can be identified in this 
district. In the north edge of town and at the golf links the massive 
pink limestone dips steeply to the south, reaching artgles up to 45 degrees, 
and containing a remarkable colony of large species of Conchidium. 
A mile due north, beyond the cemetery, several large abanduned quarries 
reveal rock of perfect Huntington type, dipping 20 to 30 degrees to the 
northeast. Large abandoned steel kilns mark this spot. The quarry 
back of the cemetery also shows north dips. If this is all one structure, 
as appears likely, it is the largest reef in the State. The quarries near 
the canning mill west of Delphi, between the canal and the river, are 
in very low ground, and the rock is more like the Liston Creek type of 
reef rock. This great reef, like the one at Huntington, appears to have 
its roots in the Liston Creek formation. 

The Georgetown reef, at Cedar Rapids, a mile northeast of Georgetown, 
Cass County, is unique in a number of respects. In the first place, it is 
completely transected by the Wabash River, which is not true of any other 
reef. Second, it is entirely, in the Huntington formation. Third, its 
dips are low and indicate a ridgelike reef rather than a dome. Fourth, 
there is less difference between the core rock and the flank rock. The 
sketch (figure 7) is drawn from the long, low cliff in the north bank of 
the river. This exposure evidently misses the main part of the core, for 
the cliff on the south side of the river exposes much more typical core 
rock, with steeper dips, although the rock is so massive that it is difficult ° 
to distinguish bedding planes from joints. The dips on the flanks are 
rather low and the rock is a coarse-grained, marblelike, pinkish, exceed- 
ingly fossiliferous limestone, from which Kindle obtained an extensive 
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fauna. The most fossiliferous masses crumble readily uncer the blows 
of the hammer and the fossils literally pop out of the rock in immense 
numbers, Conchidium and Wilsonia being the commonest. Corals and 
stromatoporoids are also common. The perfect preservation of the fossils 
indicates that the rock is a nearly pure limestone. Outcrops extend 
southward through the fields for a long distance and may be followed 
eastward through the woods just south of the road for about a mile. At 
the eastern edge of section 36, just south of the road that follows the 
south bank of the river, the outcrop of Huntington limestone suddenly 
ends, and within a few feet to the east typical Kokomo limestone appears 
at the same level, dipping very slightly to the east. It has the appearance 
of a fault, but a minute study of the region to the east clearly shows that 
this is an unconformity in which the Kokomo beds abut against a steep 
buried slope of Huntington formation. The western and northern 
flanks of the Georgetown reef are overlapped in similar fashion by the 
Devonian limestone. 

Seventy reefs are now known in northern Indiana. The distance from 
the southernmost exposed reefs at Fishersburg, east of Noblesville, to the 
northernmost at Huntington is 60 miles, and the distance from the 
easternmost at Bluffton to the westernmost at Monon is 90 miles. They - 
vary from a few hundred feet to more than a mile in diameter, and from 
a few feet in some small parasitic reefs to 80 or 100 feet or more in 
height. They began in the upper 80 feet of the Mississinewa shale, char- 
acterize the entire thickness of the Liston Creek, and are still present in 
the Huntington formation. While at least 180 feet of calcareous sedi- 
ment was being deposited they filled the Niagaran seas and at least in 
Liston Creek and Huntington time made the chief contribution to the 
deposits. Their enduring mounds, mocking at time and change, still 
rise in mighty klintar and hurl defiance at the elements. 

It remains to speak of the faunal contrasts between reef and inter-reef 
rock. In the core diagenetic changes have ruined well-nigh everything. 
Shale pockets occasionally reveal a wealth of Bryozoa and small brachi- 
opods. The rough, gray dolomites contain scarcely anything but the 
tangled, ragged meshwork of diagenized stromatoporoids and the occa- 
sional wreck of a coral. In the reef flank fossils are often very abun- 
dant, and here the corals, trilobites, brachiopods, and mollusks reach 
their chief deployment. The reefs of the Mississinewa show these con- 
trasts most perfectly. Out of a list of 72 species compiled by the junior 
author, and not including the graptolites, 10 are found in the shale but 
not in the reef. Four of these are brachiopods, one a coral, and five mol- 
lusks. Twelve are found in both reef and shale. Five cf these are 

XL—BvLui. Geo. Soc, AM., Vor, 39, 1927 
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brachiopods, two trilobites, four cephalopods, and one a_ bryozoan. 
Forty-seven species occur only in the reef flank. Sixteen of these are 
brachiopods, thirteen corals, eight trilobites, three cephalopods, and 
seven gastropods. Of 23 species of graptolites found in the shale at 
Yorktown, not one occurs in the reef a few vards away. At Markle some 
of the graptolites may even have come from a large shale wedge in the 
flank of the reef. The specimens are from loose slabs and the quarry is 
full of water, so that this point can not be settled. The corals and 
most of the trilobites are practically confined to the reefs. At Yorktown 
the trilobites of the reef, Bumastus armatus, B. insignis, B. niagarensis, 
Calymene cf. vogdesi, and Chetrurus niagarensis are all different from 
those of the shale, Encrinurus indianensis and Dalmanites vigilans. The 
last species occurs by hundreds in the shale, but never in the reef. These 
(differences are so pronounced that the conventional stratigrapher supplied 
with collections from the reef and inter-reef rock would sunpose that he 
















was dealing with distinct and successive formations. 

Away from the reefs the Liston Creek formation, with the exception 
of the shaly bryozoan bed in its midst, is almost unfossiliferous. An 
occasional pocket of corals breaks the monotony. But the flanks of the 
Liston Creek reefs are usually extremely fossiliferous, abounding espe- 
cially in corals, stromatoporoids, trilobites, brachiopods, and bryozoans. 

The entire Huntington formation is fossiliferous and the contrast 
between reef and inter-reef faunas is apparently not so great as in the 
other formations. The only reef core accessible for collecting is the one 
at Georgetown, and here, as usual, the fossils are badly altered. Some 
corals and stromatoporoids can be made out. The flanks are extremely 
fossiliferous and the fauna is about norma) for the formaticn. It is no 
longer possible to make satisfactory collections from the reefs at Hunt- 
ington and Delphi. The active quarry at Huntington and the exposures 
along the ditch are in normal inter-reef rock and fossils are very abun- 
dant. This quarry contains an immense bed of Conchidium, but a simi- 
lar bed oceurs in the highly inclined flank rock at Delphi. The problem 
of the relations of the reef and inter-reef faunas of the Huntington can 
best be worked out in the Racine of Wisconsin, especially at Wauwatosa. 





















WISCONSIN 


Wisconsin has the honor of being the State in which the preeminent 
Chamberlin first accurately described ancient reef structures in America. 
His diagrams and descriptions (1877) leave little to be desired, for the 
correctly distinguished both the reef and inter-reef lithologic facies and 
the distinct faunas. He mentions reefs at Racine, Greenfield, Grafton, 
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Germantown, Granville, and Milwaukee (Wauwatosa) in the Racine dolo- 
mite; at Waukesha in the Waukesha formation, and at Saukville in the 
Guelph. Fifteen or more are indicated, and careful search would 
probably reveal others. We have studied the classic reef at the Schoon- 
maker quarry at Wauwatosa. It is a small reef with a very steep flank 
and down-curved base, so that the entire mass is evidently lens-shaped. 
The bottom of this reef is now exposed, resting on beds that look to 
us like Waukesha. There is evidence of downbending of the foundation, 
owing to the weight of the reef. The core is very massive and entirely 
unstratified. Aecording to the quarry boss, the core rock is very difficult 
to blast. We have not investigated the fauna. This and other reefs are 
mentioned by Alden in the Milwaukee Folio of the U. 8. Geological Sur- 
vey (1906). There are said to be no reefs north of Saukville. 


IOWA AND ILLINOIS 


The reefs of the Leclaire formation of Iowa, which probably correlates 
with the Guelph, have been described in several of the county reports of 
the Iowa Geological Survey by Calvin (1896), Norton (1895, 1899, 
1901), and Udden (1905), and in the elaborate report on quarries by 
Beyer and Williams (1907), but without much appreciation of their real 
nature. Structures in the Hopkinton formation that may possibly be 
reefs are mentioned by Calvin (1898) and Savage (1905). For exam- 
ple, Calvin (1898, page 149), in his section along the Maquoketa River 
at the Loop quarry, in Delaware County, refers to beds “arched as if 
the quarry were located at the summit of a small anticline,” and again to 
“massive beds no definite bedding planes.” Again, speaking of massive 
rock with no lamination and containing many vesicular cavities, he says: 
“These coarse, massive ledges rise in places to the summit of the cliffs.” 
Savage (1906, page 641) speaks of dips varying widely as to direction 
and inclination in the lower part of the Hopkinton, in Jackson County. 
Neither Calvin nor Norton, who have most elaborately described these 
structures, seems at all sure of the correctness of Chamberlin’s explana- 
tion, and Calvin, especially, suggests the heaping together of material 
on the sea-bottom by currents. One needs only to glance at Plate VIII 
and figure 19 of Norton’s report on Cedar County (1901) to be convinced 
that these structures are reefs. Figure 19 is a diagrammatically perfect 
representation of a reef. Had Norton been more familiar with the struc- 
ture of modern reefs he would not have been bothered by the steepness 
of the dips. 

Judging from the county reports, there must be a very large number of 
these reefs in Scott, Cedar, Jones, and Linn counties, Iowa, in the 






















614 CUMINGS AND SHROCK—NIAGARAN CORAL REEFS 





Leclaire limestone, and there may be others in the Hopkinton formation 
in some of the other counties. 

Reefs have long been known at Chicago, in the Racine formation 
(including the Guelph). Stony Island, in spite of the hesitancy of some 
authors, is a typical reef. The numerous references to steep, changeable 
dips in the Chicago Folio (Alden, 1902) and in Bannister’s report on 
Cook County (1868) indicate that there are 7 or 8 reefs in the Chicago 
district. Our observations confirm these indications. Bannister evidently 
thought that the steep dips were due to an anticlinal structure. Alden 
interprets Stony Island as an upheaval. Worthen (1866) described ir- 
regular bedding, similar to that of the Leclaire, at Port Byron, Illinois, 
This is presumably in the Port Byron or Guelph formation of Savage 
(1926). 

OHIO 
We have seen but one reef in Ohio, namely, at Sidney; but Winchell 
(1873) mentions two others in Wyandotte County. Although he does 
not describe them as reefs, they are evidently-klintar in which the layers 
dip steeply outward on all sides, toward the low ground. One is near 
Carey, in the northwestern corner of the county, and the other is in the 
southwestern part of the county. Winchell describes another structure 
just north of Tiffin, with a dip of 10 degrees northeast, which apparently 
changes farther upstream to a southwesterly dip. Near the first dam 
north of Tiffin “there is a sudden upward flexure of the overlying beds” 
(Winchell, page 615). Judging from his description of the rock and the 
dips, this may be a reef, and we have so indicated it on our map. The 


rock is referred to the Guelph. We know of no reefs south of Sidney. 





NEW YORK AND ONTARIO 


Reefs in the Gasport member of the Lockport formation at Niagara 
Gorge and at Gasport are mentioned by Kindle (1913) and by Ruedemann 
(1925). Grabau (1901, 1913) mentions reefs of the ballstone type in the 
Lockport at Niagara Gorge, probably built by bryozoans. M. Y. Williams 
(1919) mentions the Gasport reefs and also many others in the Gasport 
member at Thorold and in the Eramosa beds, which he says “are marked 
by dome structures, the dimensions of the domes varying from a few feet 
to 100 or 200 feet across, with a center elevation of 15 to 20 feet” (page 
62). One of these Eramosa reefs at Guelph is said to contain a fauna 
transitional to the Guelph. Reefs in the Guelph are also mentioned by 
Williams, especially in the small islands off the end of Bruce Peninsula. 
In fact, some of the islands are klintar, due to the superior resistance of 
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the reefs to erosion. They are stromatoporoid reefs, but also contain the 
corals Pycnostylus guelphensis and P. elegans. The bottoms of some 
of the reefs lie below the top of the Eramosa beds. There are probably 
many small reefs in Ontario, especially in the Eramosa beds. 

Bell (1887) described an interesting occurrence of Niagaran reefs 
along the Attawapiskat River, which empties into the west side of James 
Bay. These small reefs, which form islands in the river, are described as 
“great spongy, cavernous masses, . . . gigantic concretions alternat- 
ing with thinly bedded portions” (page 28g). Savage and Van Tuyl 
(1919) state that these are stromatoporoid reefs and correlate them with 
the Eramosa beds. 

CGrabau (1913) evidently suspected reefs in the Upper Peninsula of 
Michigan. Professor Seaman, of the Michigan College of Mines, informs 
us that there are probably some small reefs in the Niagaran rocks of that 
region. 

CONCLUSIONS 


Beginning in late Rochester or early Lockport time, a vast system of 
reefs began to grow in a shallow epeiric sea that stretched from New 
York to Iowa and northward through the Michigan Basin to the Arctic 
realm. To the south lay the land of the Cincinnati Arch and the | 
Appalachian and Ozark highlands. At first this land supplied some fine 
silt to the coral sea lying to the north, and so contributed to the building 
of the sediments of the Mississinewa shale, which is correlated with the 
Joliet of Illinois and probably with the Rochester and lower Lockport of 
New York. Later the sea cleared and the low, moist lands contributed 
only dissolved silica and other salts to the coral waters, filling the 
calcareous muds between the reefs with the chert of the Liston Creek 
formation. The southern sea, beyond the Cincinnati barrier, for a short 
time mingled its waters with those of the central sea, across the Indiana 
isthmus, and the great coral fauna of the Louisville entered to aid 
the humbler stromatoporoids. Then followed a magnificent deployment 
of the reefs, extending into Ontario and New York and probably into 
Wisconsin and Iowa, and a little later even toward the Arctic Ocean. 
The Liston Creek formation, correlated with the Waukesha and the 
Lockport and probably with the Louisville, represents this great exten- 
sion of the reefs. The land then ceased to contribute even the ‘silica gel 
from its worn-down and possibly arid surface, and the reefs, attaining 
their grandest size in Indiana, spread like a Great Barrier Reef over the 
entire sweep of the shallow waters around the Michigan Basin, littering 
its floor with their pure, calcareous sand and yielding a congenial habitat 
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to vast swarms of giant brachiopods and massive-shelled mollusks. In 
the warm, shallow waters the coral sands rapidly changed to dolomite, 
and the great Huntington formation came into being. The sea withdrew, 
abandoning the innumerable reefs to the desert air of the Cavugan epoch, 
only pausing a little while in the foul bay of the New Corydon dark 
cherty limestone. Only once again before Middle Devonian time did 
the waters return in the narrow arid gulf of the Kokomo and the Ken- 
neth, on the worn-down surface of the Logansport sag. Here the in- 
vincible old reefs were overwhelmed by the slimy mud, underneath which 
many of them still lie buried; but many more, surviving every fate, still 
lift their grisly heads against the sky. 
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ABSTRACT 





The pre-Wisconsin or older terraces of the Driftless Area of Wiscon- 
sin are formed of much weathered and much eroded glacial outwash and 
nonglacial stream deposits, most of which lie on rock benches and some 
of which are nearly 200 feet above the present streams. These terraces, 
which are much older than the terraces of the Wisconsin glaciation, may 
be divided into at least two groups, whose formation was separated by 
a long period of erosion. The old stream deposits are of the same mode 
of origin as the younger, or Wisconsin, terrace deposits. The pre- 
Wisconsin terraces can not yet be correlated with particular glacial 
stages. These terraces are much like the old terraces of the upper 
Ohio basin. 


GENERAL CONDITIONS 


The valleys of the Driftless Area of western Wisconsin contain many 
stream terraces. The lower, little dissected, slightly weathered terraces 
are products of the Wisconsin stage of glaciation; the higher, deeply 
weathered, much eroded terraces were evidently formed much earlier. 
The terraces of both groups consist of glacial outwash laid down in val- 
leys that drained the ice fronts and of local material gathered in valleys 
that head within the Driftless Area. None indicates glaciation beyond 
the limits usually accepted. The writer observed the old terraces while 
mapping the Sparta and Tomah quadrangles, Wisconsin, and later traced 
these terraces through the Driftless Area. The pre-Wisconsin terraces 
can not be correlated with the deposits of the several glacial stages until 
more is known of the Pleistocene of northern Wisconsin. 


Previous INVESTIGATIONS 


The existence of pre-Wisconsin terraces was apparently known to 
Chamberlain and Salisbury* more than forty years ago. They write: 










“There are not wanting obscure evidences of old terraces, but they are only 
the rounded remnants of a nearly obsolete system.” 










In 1894 G. H. Squier sent to the Journal of Geology a manuscript on 
the chert gravel terraces near Tomah, Wisconsin, which stated that the 
terraces were formed by local valley glaciers and associated streams. 







The paper was summarized by Chamberlain‘ in 1897. 










$T. C. Chamberlin and R. D. Salisbury: Preliminary paper on the Driftless Area 
of the upper Mississippi Valley. U. S. Geol. Survey, Sixth Ann. Rept., 1885, p. 311. 
*T. C. Chamberlin: Footnote in Jour. Geology, vol. 5, 1897, pp. 825-827. 
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In 1904 Samuel Weidman® discovered deposits of old gravel near 
Denzer, Plain, Reedsburg, and Hillsboro and visited the Tomah locality. 
He regarded the deposits at Denzer as pre-Wisconsin continental glacial 
drift, an interpretation which, judging from his field-notes, he must have 
applied to all the deposits. 

In 1915 Edward Steidtmann and a student, H. A. Uber,® worked for 
a short time on the terraces of the lower Wisconsin Valley, but made no 
attempt to determine their ages. 

In 1917 Lawrence Martin’ published a note announcing the discovery 
of deposits of gravel on the lower rock terraces near Tomah. He did 
not mention Squier’s earlier description of the same deposits. 

In 1918 William C. Alden* described the terraces in the Denzer and 
lower Wisconsin valleys. He recognized the fluvial origin of the terrace 
deposits in the Denzer Valley, but intimated that a part of those near 
Bridgeport, close to the mouth of the Wisconsin River, might have been 
caused by glacial ice coming from the Iowa side of the Mississippi. 

In 1921 A. C. Trowbridge® described the old deposits of chert gravel on 
some of the northern tributaries of the Wisconsin River. 

In 1922 Paul MacClintock’® discriminated Wisconsin and pre-Wiscon- 
sin terraces in the lower Wisconsin Valley and subdivided the latter into 
two distinct ages. Some of the deposits near Bridgeport he regarded as 
probably glacial till. 


DISTRIBUTION 
GLACIAL OUTWASH TERRACES 


Old gravels which contain erratic stones are found in the valley of the 
Wisconsin from Lone Rock to its mouth, in the valley of the Trem- 
pealeau, between Humbird and Whitehall; and in the valley of the Beef, 
or Buffalo, near Mondovi. The Trempealeau Valley contains no young 
or Wisconsin outwash, for its headwaters were not reached by the last 


glaciation. 





5Samuel Weidman: The Baraboo iron-bearing district. Wisconsin Geol. and Nat. 


Hist. Survey, Bull. 13, 1904, p. 101. 
®H. A. Uber: The terraces of the Wisconsin River between Prairie du Sac and 


Prairie du Chien. Unpublished thesis, Library of the University of Wisconsin, 1916. 

7Lawrence Martin: Rock terraces of the Driftiess Area of Wisconsin (abstract). 
Bull. Geol. Soc. America, vol. 28, 1917, pp. 148-149. 

8W. C. Alden: The Quaternary geology of southeastern Wisconsin. U. 8S. Geol. 
Survey Prof. Paper 106, 1918, pp. 109, 170-172. 

°A. C. Trowbridge: The erosional history of the Driftless Area. University of 
Iowa, Studies in Natural History, vol. 9, 1921, pp. 110-111. 

” Paul MacClintock: The Pleistocene history of the lower Wisconsin River. Jour. 
Geology, vol. 30, 1922, pp. 673-689. 
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NONGLACIAL TERRACES 


Old terraces capped with local gravel and sand have been found in the 
valleys of the Wisconsin River and its tributaries from the right, the 
Kickapoo, Pine, Honey, Otter, Baraboo, Lemonweir, and other smaller 
streams; in the valley of La Crosse River; in the valley of Black River 
and some of its tributaries; and in the valleys of some tributaries of the 
Trempealeau. Chert gravel has been found by parties looking for road 
material in the middle of the Wisconsin Valley north of the deposits just 
mentioned, but it can not be correlated with the other deposits with cer- 
tainty. Although there may be undiscovered deposits of gravel south of 
the Wisconsin River, none has yet been found. Since all the known de- 
posits are either in wide valleys or in the Central Plains area of the 
middle Wisconsin Valley, none would be expected in the narrow valleys 
of the lead and zine district. 


MATERIAL 
GLACIAL OUTWASH TERRACES 


The deposits of glacial outwash gravel of the Beef and Trempealeau 
valleys contain not more than 18 per cent of local pebbles, but are very 
sandy. The largest pebbles are about a foot in diameter, but the 
general average is less than 2 inches and the gravel is well rounded and 
well sorted. As weathering has destroved stratification to a depth of 
several feet, this surficial portion of the deposits slightly resembles 
glacial till. In the Wisconsin Valley the local rocks are harder and 
make up 50 per cent or more of the deposits. The percentage of erratics 
in the deposits varies from place to place. Boulders up to 3 feet in di- 
ameter are scattered irregularly through the finer assorted material. 
Where pebbles of dolomite are present the effects of weathering are con- 
spicuous. The upper portions of some of the deposits of this kind have 
been reduced to clayey, reddish brown, unstratified masses several feet 
thick. As the pebbles of dolomite have been entirely dissolved the depths 
of 6 to 20 feet, only a few excavations are deep enough to show them. 
Some layers have been cemented into conglomerate by the oxides of iron 
and of manganese. <A large part of the deposits consist of stony, 
coarse gravel, poorly graded and but slightly rounded. MacClintock dis- 
covered some striated stones near Bridgeport (figure 6). The gravel 
of the Wisconsin Valley is used for road surfacing, but very little of it 
is suitable for use in concrete. 


NONGLACIAL TERRACES 


The nonglacial terraces are underlain by local sand and clay and by 
gravel in which most of the pebbles are chert and sandstone. Although 
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many of the deposits are near dolomite bed rock, pebbles of dolomite 
were not seen by the writer, because the depth of weathering exceeds the 
depth of the exposures observed. The proportion of sandstone pebbles 
is related to the abundance of chert residue in the vicinity and to the dis- 
tance the pebbles have been carried. In the valleys in the upland a third 
to a fifth of the pebbles are sandstone, but on the plains fully 99 per 
cent of them are chert. In parts of west-central Wisconsin quartz and 
chert pebbles from the far older upland gravel of the Windrow forma- 
tion’? are conspicuous, although they nowhere form a large part of the 
deposits. Near the Baraboo Bluffs pebbles of local quartzite and igneous 








FiGurRE 1.—Gravel on pre-Wisconsin Terrace at Tomah, Wisconsin 


The view shows poor assortment and rude bedding, due in part to concentration by 
surface wash and weathering. The stones are chert and Hard sandstone; there is no 
dolomite or dolomitic sandstone. The bed rock is a few feet below the bottom of the 
pit. It may be a remnant of an old valley floor that stands much higher than the 
modern rock bottom east of this place. 


rock, many of them obviously reworked from Cambrian conglomerates, 
are abundant. Erratic pebbles have been reported from several places, 
but extended search shows that they are either glacial pebbles transported 
by human agency or pebbles of black chert from the Windrow formation 
and other pebbles that have been erroneously identified. Except in the 
surficial parts of the terraces, where erosion and weathering has con- 
centrated the stones (figure 1), all the deposits are very sandy. They 
contain but little gravel which is suitable for surfacing roads and none 





uF, T. Thwaites and W. H. Twenhofel: Windrow formation. Bull. Geol. Soc. Am., 
vo:. 32, 1921, pp. 293-314. 
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that can be used for making good concrete. Most of the pebbles are less 
than 2 inches in diameter, but in some of the narrower valleys there are 
scattered boulders as much as 15 inches in diameter (see figures 1 and 2). 
The assortment and rounding are both poor, and there is every gradation 
from true gravel to hillside wash of residual material. The bedding is 
rude and irregular and there is much cross-bedding. 

















Fictre 2.—Very coarse, bouldery Gravel on Terrace of Dresbach Sandstone near 
Melvina, Wisconsin 


The hand of the man rests on the surface of the sandstone. As there is no evident 
hard layer to account for this terrace, it is thought that the rock floor of the valley 
was much higher when these gravels were deposited than at present. 

ForM AND OTHER FEATURES 
TOPOGRAPHY 


The degree of dissection of the pre-Wisconsin terraces increases with 
their height above the present streams. The lower terraces, such as those 
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Figure 3.—Abandoned Bends of the Kickapoo River near Steuben, Wisconsin 





The bends date from some extremely ancient time, when the river flowed high above 
its present level. The pre-Wisconsin terrace deposits which are stippled stand about 
60 feet above the present water level. Their material extends below the younger, or 
Wisconsin, filling. The abandoned courses were followed by the river until filling 
permitted cut-offs through cols. The changes took place long before the Wisconsin 
glaciation, but apparently long after the deposition of the higher pre-Wisconsin ter- 
races. As the cut-offs were not due to this oldest filling, which seems to have occurred 
when the rock-floor was much higher than at present, the conclusion that there were 
not less than two stages of pre-Wisconsin aggradation appears to be reasonable. 


XLI—BuLL. GEoL. Soc, Am., VoL. 39, 1927 
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in Tomah (see figure 5), have wide, flat tops. The higher terraces are 
small patches of gravel that lie on narrow rock shelves on isolated hills 
(see figures 2 and 5). Remnants of the older terraces are found mainly 
on interstream ridges and on rock terraces on the sides of the broader 
valleys; few pre-Wisconsin terraces extend across the larger parts of 
valleys. The deep dissection makes it very difficult in many places to 
determine the upper limit of thé ancient gravel. Many deposits of gravel 
on hillsides doubtless consist of material which has crept down from 
higher places. The gravel deposits east of Tomah appear to be remnants 
of a once continuous apron of coalescing alluvial fans. A small alluvial 
fan is found on U. 8S. Trunk Highway Number 12, on the south flank 
of the Baraboo Bluffs. In the abandoned channels of the Kickapoo River, 
near Steuben (see figure 3), the old terraces fill almost the entire valley 
and are dissected by ravines more than half a mile long. 


THICKNESS OF THE DEPOSITS 


In most of the terraces the deposits are less than 25 feet thick. In the 
two abandoned channels of the Kickapoo River 60 feet of alluvial sand 
and gravel and overlying loess are exposed, but the base is concealed by 
later material. Similar deposits, whose bases lie below the Wisconsin- 
filling, are found farther up the same valley. Well records give little 
information as to the thickness of the deposits of the old terraces, for not 
only are they penetrated by few wells, but the underlying rock is at many 
places so soft that, even in exposures, it can not be distinguished from a 
stream deposit. 


NUMBER AND ELEVATION OF THE TERRACES 


The pre-Wisconsin terraces have been studied in detail in only three 
quadrangles near Tomah (see figure 5). The results of the study in the 
Kickapoo Valley are shown in figure 4. The older terraces in that valley 
may be subdivided into two groups—slightly dissected terraces, 40 to 60 
feet above the river, and small remnants, 90 to 140 feet above the river. 
Near Tomah (figure 5) the main terrace is 20 to 40 feet above the 
Lemonweir, and there are less conspicuous terraces at heights of 60, 80, 
and 100 feet above the stream. At the headwaters of the La Crosse, 
west of Tomah, there are terraces at heights of 20, 40, 80, and 130 feet 
above the streams. Terraces at only one level, about 40 feet above the 
water, have been found in the Trempealeau Valley. The terraces of the 
lower Wisconsin Valley (figure 4) can be divided into two groups: 
(1) from Lone Rock to Boscobel, slightly eroded terraces that lie 60 to 
80 feet above the river, and (2) from Boscobel to the junction of the 
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Figure 5.—Pre-Wisconsin Terraces near Tomah, Wisconsin 
The terraces are shown by stippling. The phonomena in Stevens Valley suggest that 
the beds of gravel were deposited when the rock bottom of the valley was much higher 
than it is at present. The low terrace southwest of and in Tomah may have been 
formed at a later date than the higher deposits and after they had been deeply eroded. 
The flat areas along the streams are covered with alluvial deposits formed by the block- 
ing of the streams by Wisconsin drift east of this locality. 
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Wisconsin with the Mississippi, much more dissected terraces at heights 
of 100, 150, 150, and 190 feet. There are no remnants of the first group 
in the narrow valley near Bridgeport (figure 6). The elevations of 
terrace tops given are subject to an error of 5 to 25 feet on account of 
the loess cover over the stream deposits. 


GRADE OF THE TERRACES 

The grade of most of the pre-Wisconsin terraces is essentially the same 

as that of the present streams (see figure 4). South of Tomah, however 

see figure 5), the high terraces, if correctly correlated, appear to have 
5 3 5 © ’ 

a slope of 16 to 20 feet per mile, in contrast with a slope of 13 feet per 
mile for the present stream. This relation is exceptional. 


ORIGIN OF THE TERRACE Deposits 
MANNER OF DEPOSITION 
The stratification and assortment seen in the terrace deposits and the 
rounding of the pebbles—features noted in unaltered material in deep, 
show conclusively the 





fresh exposures on the pre-Wisconsin terraces 
fluvial origin of the deposits. The boulders found in place are scattered 
through the assorted material. An absence of stratification and mixture 
of fine and coarse material is seen in shallow cuts where weathering, 
slope wash, and slump have altered the deposits. 


FORMER EXPLANATIONS OF ORIGIN 


Squier explained the terraces as products of local Pleistocene glaci- 
ation; Weidman suggested that they were products of an extension of 
the continental ice sheets beyond the limits commonly assigned to them. 
Alden and MacClintock recognized the fluvial origin of the greater part 
of the old terrace deposits, although both suggested that there may be 
some glacial till in the lower Wisconsin Valley near Bridgeport (figure 
6). The evidence offered in favor of a glacial origin of the deposits 
is not convincing. The boulders may have reached their present posi- 
tions by ice rafting, and the till-like appearance of the material seen 
in shallow cuts may be due to alteration of the deposit, as explained 
above. The writer is not convinced that any till occurs near Bridgeport, 
for the straited stones found there may have been brought down by ice 
rafting. Although some deposits of coarse gravel in that vicinity sug- 
gest near-by glaciation, no undoubted exposures of till have thus far 
been found either at Bridgeport or for many miles to the west. Squier 


stressel the ridge form of some of the gravel deposits, which locally 
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resemble lateral moraines. These are explained by the writer as due to 
the survival of lenses of coarse gravel that resisted erosion better than 
the surrounding sand, and to the protection of certain parts of the ter- 
race deposits by ridges of the underlying rock. It has been suggested * 
that the gravel east of Tomah was derived from the beaches of glacial 
Lake Wisconsin, a lake that was formed when the Wisconsin Green Bay 
lobe obstructed the course of the Wisconsin River farther east. There 
can be little doubt that some of the gravel was reworked by waves, but 
the position of many gravel deposits, on hills far out in the lake basin 
and in valleys to the south, above the highest level of the lake shows that 
the gravel was originally transported by streams. 


ORIGIN OF AGGRADATION-OUTWASH TERRACES 


The deposition of glacial outwash is due to the overloading of streams 
by the immense quantity of loose material brought by glacial move- 
ment—a quantity so great that even the floods from the melting ice were 
forced to drop the coarser parts of their load on leaving their ice-bound 
headwaters. Glacial outwash was deposited in front of the pre-Wisconsin 
ice-caps just as it is deposited in front of existing glaciers. The simi- 
larity of the pre-Wisconsin glacial deposits to the Wisconsin outwash 
deposits, especially in their content of ice-rafted stones, shows clearly 
the glacio-fluvial origin of the gravel on the old terraces along streams 
that could have carried glacial drainage. 

Weidman ** ascribed all the stream deposits of Wisconsin to aggra- 
dation due to depression of the land during an interglacial interval, but 
his conclusion was challenged by Martin.’* The fact that the deposits 
in valleys leading from the glaciated area are really glacial outwash is 
shown beyond serious question by (1) their areal relation to moraines ; 
(2) the ice-rafted boulders scattered through the stratified deposits ; 
(3) the abandoned stream channels leading through and away from 
moraines; (4) the relative coarseness of the material compared with the 
deposits of modern streams; (5) the relatively steep grade of the original 
surface compared with the grade of the present streams; (6) the de- 
crease in the coarseness of the material with increase of distance from 
the moraines; (7) the topographic position of the deposits, which in 
many places could have been determined only by glacial ice, which 
altered the drainage lines and supplied water where none is now flowing ; 








2 Samuel Weidman: Geology of north-central Wisconsin. Wisconsin Geol. and Nat. 
Hist. Survey, Bull. 16, 1907, pp. 530-531, 545-547. 

“Lawrence Martin: Geology of the Lake Superior region; the Pleistocene. U. S. 
Geol. Survey Mon. 52, 1911, p. 437. Physical geography of Wisconsin. Wisconsin 
Geol. and Nat. Hist. Survey, Bull. 36, 1916, pp. 317-318, 379-380. 
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(8) the presence of ice-block kettles in similar deposits within the outer- 
most moraine; and (9) the absence of deposits where the grade of the 


streams was too steep for deposition. 
ORIGIN OF AGGRADATION-NONGLACIAL TERRACES 


Pre-Wisconsin deposits may have been laid down in valleys that car- 
ried no glacial water, either by the raising of the baselevel of the streams 
by glacial outwash deposited in the main valleys into which these streams 
discharged or by climatic changes during glacial or interglacial time. 
The first explanation is favored by (1) the similarity of the pre-Wis- 
consin and the younger, or Wisconsin, filling in valleys that head in 
the Driftless Area, and (2) the occurrence of terraces of glacial out- 
wash and of local material at the same level. These apparently grade 
into one another, particularly in the Wisconsin Valley between Muscoda 
and Blue River. The second explanation is supported by (1) the lack 
of accordance of level between the highest outwash terraces near the 
mouth of the Wisconsin River and the highest known nonglacial terraces 
of the Kickapoo Valley (figure 4); (2) the larger quantity of coarse 
gravel in the old terraces as compared with adjacent Wisconsin terraces ; 
(3) the higher grade of the old terraces as compared with that of the 
adjoining low-level or Wisconsin terraces, and (4) the fact that some of 
the pre-Wisconsin gravels once formed at the bases of the hills aprons 
like those found at the bases of desert mountains. These facts might be 
interpreted as indications of a former stream activity much greater than 
that which has since prevailed, due either to a period or periods of less 
vegetation than that which grew before or since or to a period or periods 
of climate more arid than at present. That there were intervals of 
aridity in this region in Pleistocene time is shown by the occurrence 


of several deposits of loess. 
ORIGIN OF EROSION TERRACES 


The Wisconsin outwash plains were cut into terraces mainly by the 
erosive work of glacial streams during the retreat of the ice, when their 
load had been reduced by deposition either near the front of the ice 
or in glacial lakes. Other causes of terracing were (1) the cutting away 
of rock spurs on which the streams happened to be superposed by valley 
filling; (2) the reduction in stream volume after the ice had gone; (3) 
changes in climate; (4) changes due to the return of vegetation; and 
(5) tilting of the land.'*. All these processes changed the baselevel of 





“4 Lawrence Martin: Physical geography of Wisconsin. Wisconsin Geol. and Nat. 
Hist, Survey, Bull. 36, 1916, pp. 153-154. 
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tne streams which headed in the Driftless Area and caused terraces to 
be formed in their valleys. It is reasonable to suppose that the same 
causes operated after every glacial stage. Change in elevation above sea- 
level is unimportant, for it takes an immense time for continental ele- 
vation to deepen valleys. Many current ideas of Pleistocene changes of 
level date back to the abandoned theory of the aqueous origin of the loess. 

Trowbridge’s idea that the terraces of Pine River are due to the re- 
moval of the Bridgeport rock terrace can not be accepted, for there 
would have been no definite local obstruction or dam, but simply a down- 
stream migration of the border of the resistant dolomite which forms 
the shelf beneath the old gravel (figure 6). 


CONCLUSIONS AS TO ORIGIN 


In considering the explanations offered it may also be well to consider 
another possible hypothesis, namely, slight lateral shifting of the streams 
during normal erosion. This explanation, however, can not account for 
either the old outwash deposits or the ice-rafted boulders. Weidman’s 
hypothesis of aggradation due to low level of the land does not explain 
the deposits, because such aggradation would result in the deposition 
of fine material only outside of the narrower valleys and the immediate 
borders of the hills. It is doubtful whether the activity of the streams 
was materially greater while the deposits on the pre-Wisconsin terraces 
were formed than later in the Pleistocene or at present. Lack of accord- 
ance in level between outwash and nonglacial terraces is equally well ex- 
plained by erosion of the highest terraces which are underlain by local 
gravels. The coarseness of the gravel of the old terraces appears to be 
mainly a consequence of concentration by slope wash and is certainly 
exaggerated by the erosion of the finer parts of the deposits. Pre- 
Wisconsin terraces of steep grade are confined to valleys where the drain- 
age was later obstructed by lake deposits of Wisconsin age. Even if 
greater stream activity could be proved, it does not follow that the de- 
posits were interglacial, for most of the loess is interglacial and not 
late glacial, and apparently it has no close relation to the terrace deposits. 
When the continental ice-sheets, amid radiating’ anticyclonic winds, 
pressed close on the Driftless Area, vegetation was doubtless less abun- 
dant than at present. This effect must have been more marked during 
the early and long Pleistocene glacial stages than it was during the 
Wisconsin stage. Whatever difference there may be between the pre- 
Wisconsin and the Wisconsin terrace deposits, both are of the same 
wigin. 
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STRATIGRAPHIC RELATIONS 
OVERLYING FORMATIONS 


The pre-Wisconsin terrace deposits are unconformably overlain by 
loess, dune sand, Wisconsin outwash and other young stream deposits, 
and the red clays of Glacial Lake Wisconsin. Of these, the first two are 
found also on many terraces of Wisconsin age and the last two come into 
direct contact only with the lower of the older terraces. 


UNDERLYING FORMATIONS 


The pre-Wisconsin terrace deposits rest on Various formations of 
Cambrian and Ordovician age. They most commonly occur on relatively 
resistant or bench-forming rocks, such as the Franconia sandstone, 
Trempealeau formation, and Oneota dolomite (figure 4). The question 
at once arises: Were all the pre-Wisconsin terrace deposits formed after 
the rock bottoms of the valleys had been eroded to their present levels 
or at a time when erosion had not progressed far below the levels at 
which gravels are now found? The distribution of the terraces on valley 
sides and spurs, coupled with the creep and slump of the deposits down 
the rock slopes (figure 2), renders this question very difficult. The 
answer must be sought by a study of the relations of the rock shelves to 
resistant strata, to see whether or not they are remnants of former valley 
floors, and by a study of stream diversions due to deep aggradation. 


ROCK BENCHES 


It has been found that the numerous rock benches on the sides of 
valleys in the Driftless Area are due to differences in the resistance of 
the rock formations or of relatively thin layers within them—a relation 
summarized by Martin and by Smith.’* Many of the pre-Wisconsin 
terrace deposits, particularly the higher ones, lie on rock shelves which 
cannot be distinguished from those which carry no such covering. The 
natural limitations of the exposures make it impossible to know just 
what determined the basement of many of the gravel-covered terraces. 
Whatever may have been the cause of the survival of some terraces, it is 
a fact (as shown in figure 4) that groups of terraces bevel across the 
rock formations in the same way as the present rock bottoms of the 
valleys. Some terraces occur where there is little or no evidence of a 
resistant underlying layer, particularly some of the lower pre-Wisconsin 
terraces on the Dresbach sandstone (figure 2) and the Bridgeport terrace 


%G. H. Smith: The influence of rock structure and rock character on topography 
in the Driftless Area. Unpublished thesis, Library of the University of Wisconsin, 1921. 
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(figure 4). Alden writes: “It seems clear that the notably developed 
rock shelf at Bridgeport represents the bottom of the valley at one stage 
of erosion.” Several valleys which cut through this terrace show that 
it is superposed on an older rock surface. Well records and surface 
exposures show that the central part of the valley floor at the beginning 
of the aggradation could not have stood much more than 80 feet above 
the present river, or about 230 feet above the present rock floor, and the 
lowest part of the floor may not have been preserved. Trowbridge con- 
cluded that the terraces of the Pine Valley “bevel the layers of the Pots- 
dam sandstone.” In Stevens Valley, west of Tomah (figure 5), there is 
a broad terrace which has a rock basement that extends almost across 
the valley and is cut only by narrow trenches along one side and across 
the middle. The 40-foot terrace deposit therefore was deposited when 
the rock bottom of the valley was much higher than it is at present. The 
deposits that form the 60-foot terrace in the two abandoned channels 
of the Kickapoo (figure 3) extend below the present floodplain. There 
is therefore no absolute proof of the position of the rock floor when the 
earlier pre-Wisconsin gravels were deposited, although there is strong 
presumption that it stood higher than it does now. 


STREAM DIVERSIONS 


If the pre-Wisconsin terrace deposits were laid down on a rock bottom 
which lay far below their upper limit, many streams would certainly 
have been diverted when erosion recommenced. The number of stream 
diversions should therefore show an approximate relation to the depth 
of the filling. Such diversions are numerous in valleys containing deep 
deposits of Wisconsin outwash. Even if they are very old, such diver- 
sions could not be recognized by the narrowness of the new valley and 
the presence of an adjacent, wider, more or less gravel-filled depression. 
The only known changes in river courses are shown by the two abandoned 
bends of the Kickapoo near Steuben (figure 3). Both bends contain 
the 60-foot terrace, and the northern bend contains a faint suggestion 
of the 100-foot terrace. The present valleys are little narrower where 
these bends were cut off than elsewhere. No known stream diversions 
are associated with the higher terraces. The paucity of stream diver- 
sions therefore suggests that when the highest terraces were formed the 
rock bottom stood much higher than it is now, but that it had been 
greatly lowered before the lower pre-Wisconsin terraces were formed. 
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AGE 
EVIDENCES OF AGE 

The pre-Wisconsin terraces are much older than the Wisconsin stream 
deposits—a fact shown by (1) their stratigraphic relations; (2) their 
great weathering, which destroyed the dolomite pebbles to considerable 
depths; and (3) their great erosion, which appears to have lowered the 
rock bottoms of the valleys 50 to 200 feet and left no trace of the higher 
terraces in most of the narrower valleys. On account of the great dif- 
ferences in topography and material, it is impossible to use either erosion 
or weathering as means of correlating the pre-Wisconsin terrace deposits 
with any particular stage or stages of the Pleistocene ice-sheets. 


SUBDIVISION OF THE PRE-WISCONSIN TERRACES 


The pre-Wisconsin terraces were evidently formed during two periods 
of valley filling separated by an erosion interval as long as or longer 
than the time that has elapsed since the later terraces were formed. 
These facts are indicated by (1) the considerable vertical range in ter- 
race levels, which is inconsistent with the strongly suggested moderate 
thickness of the deposits; (2) the striking difference in the elevation 
of the higher and the lower terraces (see figure 4); (3) the much 
greater erosion of the upper terraces, although the two sets show no 
marked difference in weathering; (4) the presence of the lower terraces 
in the abandoned bends of the Kickapoo, which shows that the cut-off 
occurred long after the deposition of the higher terraces, during the 
erosion of which the cols were sufficiently lowered to permit the course 
of the river to be straightened during a second period of aggradation. 
MacClintock recognized the dual division of the old outwash terraces 
in the Wisconsin Valley, but regarded the high-level terraces near the 
mouth of the valley as younger than the better-preserved terraces farther 
upstream. He suggested that the higher terraces were formed by a 
reversal of the flow of the Wisconsin River because of an ice-sheet that 
crossed the Mississippi from the Iowa side. The evidences of such a 
phenomenon are (1) the coarse gravels near Bridgeport and Wauzeka; 
(2) the occurrence of striated stones that may indicate till; (3) the 
eastward-dipping cross-bedding at Wauzeka; and (4) the nearly level 
rock floor of the Wisconsin Valley shown on Alden’s map of the pre- 
glacial topography, which has been interpreted to suggest a depression 
of the land toward the east. The present writer can not agree that the 
flow of the Wisconsin River was reversed, for the following reasons: 
(1) it is difficult to find an eastward outlet for the river that would 
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not involve the ponding of the water and the formation of delta deposits 
unlike the material in the high terraces; (2) it is difficult to see how the 
water could have escaped to the Lake Michigan basin, for that lowland 
would almost certainly have been filled with ice when Iowa was glaci- 
ated; (3) the direction of the dip of cross-bedding is a very uncertain 
criterion of stream direction on account of eddies and meanders; 
(4) recent borings do not show a level rock floor in the Wisconsin 
Valley, but one essentially parallel with the grade of the present river 
(figure +); (5) the presence of glacial till has not been proved at 
Bridgeport or on the uplands -for many miles west of the Mississippi ; 
(6) a comparison of the erratics at Bridgeport with those to the west 
and to the east is not a certain criterion of the derivation of the material, 
for western stones might have been carried several miles into the Wis- 
consin Valley; (7) the quartzite pebbles and boulders at Bridgeport 
were almost certainly derived from Baraboo and not from southwestern 
Minnesota; (8) the weathering and erosion indicate that the Bridgeport- 
Wauzeka terrace is older than the terraces farther upstream; and (9) 
the height and the preservation of this terrace is explicable by the 
superior resistance of the bedrock shelf on which it rests (see figure 4). 
All traces of deposits at this level on softer rocks farther to the east have 
ben destroyed by erosion. 


SUMMARY 


The formation of the pre-Wisconsin terraces was due either to depo- 
sition and erosion that alternated continuously for a long time or to 
aggradation that recurred at least twice with a long interval or intervals 
intervening. As the old deposits of outwash gravel were certainly related 
to advances of the continental ice-sheet, it is more reasonable to assign 
the erosion interval or intervals to an interglacial period or periods. 
The pre-Wisconsin terraces appear to have been formed during at least 
two separate glacial stages, and there may have been more than two 
periods of deposition, for the very old, high-level terrace deposits might 
have been formed during more than one glacial advance. 


CORRELATION: RELATION OF THE TERRACES TO PRE-WISCONSIN Driv 


Pre-Wisconsin outwash terraces touch pre-Wisconsin glacial drift only 
at Humbird, north of Black River Falls. The outwash there appears to 
have been deposited in the valleys of both the Trempealeau and the 
Black. Somewhat later a tributary of the Black beheaded the Trempea- 
leau and greatly dissected the deposits. Neither the age of the glacial 
drift east of Humbird nor the group to which these old terraces belong 
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can yet be determined, and our difficulty is increased by our ignorance 
of the details of the Pleistocene history of northern Wisconsin. Both 
Nebraskan and Kansan drift are found in northeastern Iowa and south- 
eastern Minnesota, and the geologists of lowa also distinguish a third 
pre-Wisconsin drift, the Iowan, but Leverett '® and Sardeson do not 
recognize the Iowan as a separate stage. In Wisconsin the discordance 
of opinion is still greater. R. T. Chamberlin’? sought to discriminate 
two pre-Wisconsin drifts in northwestern Wisconsin, but did not corre- 
late them. Weidman'* at first recognized three pre-Wisconsin drifts 
in central Wisconsin, the oldest of which, the drift at Humbird, he 
tentatively correlated with the Nebraskan, but later he changed his 
views. Alden distinguished only Illinoian drift outside the terminal 
moraine in southern Wisconsin. Unpublished work by the writer and 
others appears to support a modified form of Weidman’s original con- 
clusions. It appears at present that there may be only two pre-Wisconsin 
drifts in central Wisconsin. The supposed third drift appears to be 
mainly the assorted deposits of one of the older drifts and, at some 
places, extra-morainie Wisconsin drift. The younger of the two pre- 
Wisconsin drifts is probably either Illinoian or Kansan. Sardeson’s 
maps suggest the Illinoian, but to the writer the amount of erosion 
seems more comparable with that of the Kansan. It is not certain that 
the Illinoian ice reached any of the streams in southern Wisconsin in 
which old outwash is found. If there are only two pre-Wisconsin drifts 
in central Wisconsin, the dual division of the old terraces is well justi- 
ed. Trowbridge '® concluded that the valleys in the Driftless Area were 
eroded to their entire depth in Aftonian time. This conclusion would 
seem to need qualification, for the following reasons: (1) Nebraskan 
drift is found in Towa at low elevations, if not actaully in the bottoms 


1% Frank Leverett and F. W. Sardeson: Surface formations and agricultural condi- 
tions of the south half of Minnesota. Minnesota Geol. Survey, Bull. 14, 1914, pp. 45-58. 

Fr. W. Sardeson: Glacial drift sheets in Minnesota. Pan-American Geologist, vol. 
38, 1922, pp. 383-402. 

Frank Leverett: The Pleistocene glacial stages: Were there more than four? Am. 
Phil. Soc. Proc., vol. 65, 1926, pp. 105-118. 

F. W. Sardeson: Four-stage glacial epoch. Pan-American Geologist, vol. 46, 1926, 
pp. 175-188. 

RR. T. Chamberlin: Older drifts.in the St. Croix region. Jour. Geology, vol. 18, 
1910, pp. 542-548. 

Samuel Weidman: Geology of north-central Wisconsin. Wisconsin Geol. and Nat. 
Hist. Survey, Bull. 16, 1907, pp. 569-571. The Pleistocene succession in Wisconsin 
(abstract). Science, vol. 37, 1913, pp. 456-457; Bull. Geol. Soc. Am., vol. 24, 1913, 
pp. 697-698, 


w A. C. Trowbridge: Preliminary report on geological work in northeastern Iowa. 
Proc. Lowa Acad. Sci., vol. 21, 1914, pp. 205-209; Physiographic studies in the Drift- 
less Area abstract): Bull. Geol. Soc. America, vol. 26, 1915, p. 76; The erosional 
history of the Driftelss Area: Iowa Univ., Studies in Nat. Hist., vol. 9, 1921, pp. 123-125. 
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of deep valleys; (2) the upland gravel of the Mississippi bluffs may be 
preglacial and not residual Nebraskan drift; (3) some true glacial drift 
does enter the valleys of eastern Iowa, and the ground on which this 
drift was discriminated from the upland drift has not been explained 
in sufficient detail to enable anyone to determine its adequacy; (4) even 
where glacial drift is confined to the uplands, the entire valleys may not 
have been formed since glaciation, for the drift may not have been thick 
enough to cause drainage diversions and may therefore have been com- 
pletely eroded out of the valleys; (5) so great an amount of erosion is 
out of harmony with the moderate erosion of the buried Nebraskan drift 
in southwestern Iowa; (6) any theory involving a difference in regional 
elevation during Aftonian time as compared with the elevation since 
that time is not supported by evidence; and (7) the drift of the Central 
Plains area of Wisconsin was deposited after the erosion of the Wisconsin 
Valley, and this drift appears to be very greatly altered by erosion. 
If the older pre-Wisconsin drift in central Wisconsin is really Nebras- 
kan rather than Kansan, then the older group of pre-Wisconsin terraces 
is Nebraskan, and erosion since Nebraskan time has lowered the rock bot- 
toms of the valleys to a maximum of over 200 feet. If, however, Trow- 
bridge’s view is correct, none of the old terraces could be older than. 
Kansan. The younger group of pre-Wisconsin terraces may therefore 
be of either Kansan or Illinoian age. These terraces were much eroded 
before the bulk of the loess was deposited—a fact that agrees equally 
with either of these two ages. The final determination of the age of the 
pre-Wisconsin terraces must await information that is not now available 
nor likely to be available for some time. 
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INTRODUCTION 


Gravel deposits in which the combination of topography, composition, 
structure, and magnitude is unlike anything described in geologic litera- 
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ture are widely distributed over the channeled scablands of the Columbia 
Plateau in Washington and thence along the Snake and Columbia rivers 
as far down as Portland, Oregon. They record extraordinary conditions 
of origin. No hypothesis for channeled scabland which does not account 
for them can be worthy of consideration. The writer’s interpretation of 
channeled scabland ? is so great a departure from prevailing conceptions 
of rivers and river work that numerous suggestions have been made by 
other geologists looking toward more acceptable, more conventional ex- 
planations. In none of them, however, is there an adequate appreciation 
of the character of these gravel deposits, perhaps because no adequate 
descriptions have been made by the writer. The endeavor in this paper 
is to show clearly just what these deposits are and to show the limitations 
of various hypotheses for them. 

The people of southern and central Washington use the term “scab- 
land” to describe a type of land surface which has little or no soil above 
the basalt bedrock and therefore has little or no agricultural value. It is 
in most striking contrast with and is sharply delimited from contiguous 
areas of deep, fertile, loessial soil. That part of eastern Washington 
inclosed by the Spokane, Columbia, and Snake rivers and the Idaho- 
Washington boundary line, exceeding in area the State of Maryland, 
contains all of this scabland.* 

When mapped, the scabland exhibits a remarkable braided pattern of 
elongate continuous tracts along drainage lines from the northeast 
toward the southwest as far as the bounding Snake or Columbia valleys. 
There is abundant evidence that this denuded country is the result of 
glacial drainage across the once completely loess-covered plateau. This 
is admitted by the most vigorous critics of the writer’sywork.* The 
term “channeled” is added to the local name of “scabland” to imply 
river-channel rather than river-valley origin, and to distinguish it from 
other areas of essentially soil-free rock, not of this character, though also 
termed “scabland.” No detailed analysis of the channeled character will 
be presented here.® It will suffice to indicate the following features: 

1. All the tracts of channeled scabland are lower than adjacent soil- 
covered tracts. 


“ 


2J H. Bretz: The channeled scablands of the Columbia Plateau. Jour Geol., vol. 31, 
1923, pp. 617-649. 

J H. Bretz: The Spokane flood beyond the channeled scablands. Jour. Geol., vol. 33, 
1925, pp. 97-115 and 236-259. 

* Except minor tracts closely bordering the Snake and Columbia for 50 and 75 miles 
respectively above their junction, and for the Columbia Valley itself between the junc- 
tion and Portland. 

*See discussion in “Channeled scabland and the Spokane flood,” by J H. Bretz, Jour. 
Wash. Acad. Sci., vol. 17, 1927, pp. 200-211. 

SIt is analyzed in “The channeled scablands of the Columbia Plateau.” 
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Ficure 1.—Sketch Map of the Scablands 


Ouly the channeled tracts and the gravel-covered areas are shown. Many minor 
channels and islands are omitted. Margins in the eastern and northern parts of the 
region are the upper limits of the glacial waters, marked by loessial scarps. In the 
southwestern part there was much semiponded water whose extent is not shown. Num- 
bers refer to places, streams, lakes, et cetera, described in “the text. 
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2. The boundaries between channeled scabland and the adjacent tracts 
are commonly marked by pronounced bluffs, or scarps, in the overlying 
weaker formation. 

3. The elongation of the scabland tracts is almost everywhere down 
the dip slope of the plateau surface. 

4. The channeled features of scabland itself, consisting of canyons and 
rock basins, are elongate with the outlines of the tract: where they occur. 

5. Two or more subparallel rock-bound channels in the same tract are 
common, The separating ridges and buttes thus formed are also elon- 
gate with the outlines of the scabland tract. 

6. Gradients along the channeled scabland routes are high where the 
channels and basins are best developed. Where the gradients are low, 
the erosion in the basalt has been much less. 

7. Channel floors are interrupted in many places by transverse ledges, 
which were cataracts in the glacial rivers. 

The gravel deposits of channeled scabland occur in a variety of situ- 
ations and their differences clearly are conditioned by the differences in 
the situations. More than 200 such individual deposits have been 
studied in this field. About a fifth of them will be described, to show 
the range in situation and character which they possess. The term “bar” 
will be used frequently in this paper, though the reader can be trusted 


not to accept its genetic implication unless the evidence presented is 


completely convincing. 


Bars oF PALouse River DRAINAGE 
THE PALOUSE RIVER SCABLAND AREA 


The greatest scabland tract across the anastomosing pattern of the 
glacial rivers heads a few miles southwest of Spokane and extends for 
75 miles southwest, to the canyon of Snake River at the junction of 
Palouse River. The head of this tract is essentially the preglacial divide 
of the plateau between the drainage of Snake River and Spokane River, 
the latter being nowhere more than 15 miles north of the divide. A 
cross-section through Cheney on the divide itself encounters several 
island areas that stood above the glacial river and there are very many 
islands all along the tract ; but a straight line at right angles to its length 
and 21 miles long can be drawn across it a few miles from Cheney with- 
out encountering a single island. The surface of this great river de- 
scended from about 2,550 feet above tide at the head to 1,325 feet above 
tide at its entrance into Snake River Canyon. 

The glacial river was not all contained within this tract from Cheney 
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to the Snake. There were several definite spillways westward out of it, 
two of them of major importance. The northernmost of these major 
divergences is 20 miles below the head of the main tract (that is, more 
than 20 miles from the edge of the ice-sheet) and the surface of the 
glacial river at this divergence was 500 feet lower than at the head. One 
relatively small converging glacial river entered along the east side of 
the tract, but no other rivers entering here carried glacial water. In- 
stead, their lower courses became ponded back for varying distances from 
the main discharge, ponded for the same reason that their divergences 
to the west originated, namely, the great volume of this discharge. 

There are hundreds of individual gravel deposits scattered over this 
tract. The most significant for an understanding of the origin of 
channeled scabland are along the margins and at the debouchure of the 
glacial waters into Snake Canyon. It was in marginal situations that 
the preglacial topography was least modified and that deposition of 
glacial river gravel was especially favored. The vicinity of La Crosse, 
Whitman County, shows the combination very well. 


VICINITY OF LA CROSSE 


La Crosse stands between two valleys which drain westward from the 
maturely dissected, deeply loess-covered country to the channeled scab- 
land; but it is built on a gravel flat, not on hill slopes, and immediately 


to the north are scarped relict hills separated by small scabland channels. 
The channels lead southward from a broad tract of scabland along lower 
Union Flat Creek. The sketch map (figure 2) shows that the preglacial 
divide between Union Flat Creek and Willow Creek was crossed by slen- 
_ der strands of the broader river at the north, and that the lower portion 
of Willow Creek Valley thus became involved in the marginal channel- 
ing of this great river. Most of these strands were short-lived and did 
not erode to bedrock, but the flat on which La Crosse is built is deeply 
covered with basalt gravel and the three channels a mile north have 
scabland floors. 

The gravel deposit terminates abruptly about three miles southwest 
of La Crosse in a 50-foot scarp facing Willow Creek. For four miles 
down Willow Creek from this scarp the stream is trenching into a silt 
deposit (Pampa flat), which contains some sand strata and a little 
fine-textured basalt gravel. Its ravined course is 15 feet or more in 
depth. Except for the silt deposit, this broad flat bottom is the pre- 
glacial valley floor of Willow Creek. Glacial waters aggraded here, 
rather than eroded; and this preglacial floor has an accordant junction 
with the bottom of the Palouse River Valley just a few miles farther 
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west. It does not hang above the Palouse River Valley bottom. Both 
have essentially the preglacial profile. 

But between the silt flat and the scabland along Palouse River there 
is a great deposit of basalt gravel, at least 100 feet thick, completely 
across Willow Creek Valley. It is strictly limited, as shown in the sketch 
map, to the mouth of this tributary valley. The creek, of course, now 
has a trench through it, but originally it was a complete barrier. 
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Figure 2.—Sketch Map of the Vicinity of La Crosse, Washington 














Summarizing the evidence and drawing conclusions from the scab- 
land features about La Crosse: 

1. Willow Creek and Union Flat Creek east of the scabland are essen- 
tially as they were before the glacial waters entered from the north. 

2. The preglacial divide between them extended westward from La 
Crosse to Palouse River. 
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3. There is no hanging condition of either tributary stream; there- 
fore Palouse River Valley was essentially as deep before the episode of 
scabland-making as it now is. 

4, Glacial waters flowing down Palouse River breached this divide be- 
tween the two creeks, making at least seven channels across it. Three 
of them were eroded down to bedrock basalt. 

5. Basaltic gravel came through these three channels into Willow 
Creek Valley, there building a flat whose southern steep margin is essen- 
tially a depositional slope. 

6. Basaltic gravel was deposited as a great bar across the mouth of 
Willow Creek Valley by the main glacial stream that swung around the 
west end of the breached loessial divide. 

7. The silt flat about Pampa was deposited in ponded water during 
and immediately after the glacial flooding. 

This La Crosse region has a significant bearing on the hypothesis of 
the Spokane flood. If the field relations are as stated, the volume of that 
flood was great enough to spread out of the preglacial Palouse Valley, 
which here was 300 feet deep in basalt, to sweep off almost all the loessial 
hills in making the scabland along lower Union Flat Creek, to cross the 
divide south of this creek in seven places and enter lower Willow Creek, 
and to throw a bar across the mouth of Willow Creek 100 feet high and 
more than a mile long. 

The top of this bar is 1,420 feet above tide. This is 70 feet lower than 
the upper limit of glacial waters four miles farther down the Palouse 
Valley. The upper limit there (1,490 above tide) is clearly marked 
by a steep scarp in the loess, at the foot of which are scabland surfaces 
of basalt and deposits of poorly worn, poorly sorted, 100 per cent basalt 
stream gravel. 

VICINITY OF WASHTUONA 

Another marginal combination of scabland channels and gravel de- 
posits among scarped loess hills lies north of the town of Washtucna, on 
the west edge of the great glacial river we are considering. The sketch 
map (figure 3) shows the significant relations. The preglacial valley 
system is as clearly identifiable here as about La Crosse. Palouse River 
received a major tributary, Cow Creek, from the north. The junction 
is just on the east edge of figure 3. This tributary valley was about 
400 feet deep in basalt. The preglacial Palouse continued westward 
past Washtucna instead of making the present sharp turn southward. 
The old valley, also 400 feet into basalt, is subparallel with the Snake 
for 50 miles farther westward. It is nearly a mile wide at the top of 
its walls—as wide as the Snake Valley. Tributaries of the mature drain- 
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age system enter it with accordant grade. Its floor at Washtucna is 
approximately 500 feet higher than the bottom of Snake River Canyon 
directly south. 

In most marked contrast is the present course of the Palouse south 
from the sharp bend. It reaches the Snake in about 9 miles by the new 
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Ficure 3.—Sketch Map of the Vicinity of Washtucna, Washington 


route instead of 50 by the old route, flowing through a narrow canyon 
from 400 to 650 feet deep, with a waterfall 196 feet high in about mid- 
length. Indeed, at the sharp turn of the Palouse there are two can- 
yons leading southward out of the old valley. The floor of the empty one 
is about 100 feet higher than that of the one carrying the river. They 
join less than a mile south of the old valley. Very rugged scabland 











ASZLTIVA 2800 Iva ‘LOVUL IGNWIEavos 
“LOL BA YOO MOH LBpoupsead 
ou} JO UI0})}0 ey} ©} 38903 OOF JO JUedsSep GB ST 31 puofteg 
“‘Hopuuwy jaeqoy Aq pue juvjisip IU Sf pRoy jeuUuRY,) “A[PUPBJ SMOYS JOUAB UO 
yduasojogd “aeq oud AQ wreays LavyNqLay eqs Jo UOPPepyep of ou} PAOGR AOOY Apeseq ey} JO aoBINS YFnoy ‘jeuueyo oy) 
enp st punoas, ul 4 { UL esa0F [nJyNO_ “yor ey 04 SUSSO1D “JOO, OY) YB USEq eFunld GIT ‘YsIQ Joey OF JOBIRIRO 
Sploosep “AU[Ppeq Josotoy oq} SZulpeypeRavd ‘adoys pRuoponays ) peuopurqy ‘sveiztep jo adojs @ sey puR YsIy eos OOT 
‘posodxe JeAuat JO Joos CTE :deMOL Joos OCT pur Jey ayy A[d Uo St SE ey} WO datos [Bpsseo"] “JSBo BULYOO] St MTA 
OF STU YBANOJ-2UO SP AVANT oyu “Ysa Supyoo, st Mor, 
Sad VY 
UAALY ASAOIV GY 40 HLIOTY YVAN uve WAC LAOH ‘GS AMOI ASVOUIVIS AO ASV SS4O"T NI TANNVH,) WONTIQ¥——T anopig 


























61 “Id “L261 ‘6£ “IOA ‘AV ‘908 “IOdD “"TInNg 





SB SENSE e eh pas 


DY 


SSESOS ESSE CREELE 


feet to the bottom of the 


Robert Landon. 


it is a descent of 400. 


preglacial Cow Creek Valley. 


> 
. 
. 
- 
< 
> 
~ 
a 
i] 
le) 
- 
< 
- 
& 
ie} 
< 
r 
& 
Q 
; 
- 
< 
i?) 
a 


BARS OF PALOUSE RIVER DRAINAGE 651 


covers the top of the former Palouse-Snake divide here for 10 miles 
along the south wall of the old valley. 

The surviving loess-covered areas shown in figure 3 are sharply 
scarped along all margins. A glance will show the presence of several 
channels through these hills, leading as short cuts from the main scab- 
land tract across the angle to the eastern end of the abandoned pre- 
glacial Palouse Valley (see figure 1, plate 19). Only one of these, 
the largest, has any notable amount of scabland floor, though all have 
ledges and knobs of scabland here and there. The spillway with the well- 
developed scabland carries scattered loessial islands that are remnants of 
minor divides between minor tributaries. There is a great extinct rapids 
extending over three prominent basalt ledges. The water of this cascade 
(the Staircase Rapids) fell 300 feet in three miles. 

But the scabland is discontinued below about 1,350 feet above tide 
and the lower part of the preglacial tributary valley carries a flat-topped 
gravel deposit more than two miles long and 300 feet in maximum thick- 
ness, the surface of which is 300 feet above the floor of the abandoned 
Palouse Valley. A steep slope descends from this flat top to the town of 
Washtucna. 

A portion of the Washtucna sheet of the United States Geological 
Survey, reproduced in figure 4, shows the forms of the scabland cataract — 
ledges, the loessial islands, the gravel flat and its scarp, and the bounding 
higher loess hills. But perhaps the altitudes marked in figure 3 will 
show even more graphically the relations of this group of marginal chan- 
nels. The glacial flood in Cow Creek Valley brimmed over its western 
wall and entered the loess hills at altitudes ranging from 1,630 to 1,675 
feet above tide. This occurred despite the fact that the major part of 
the glacial flood went around this channeled salient and used two routes 
from Hooper to the Snake. The loess scarp at the down-stream angle 
between the old and new Palouse routes is 1,375 feet above tide at its 
base and has fine scabland surfaces with knobs, reck basins, and small 
bars of basalt gravel right up to the foot. The flat top of the big gravel 
deposit in lower Staircase Rapids is 1,325 feet above tide and its surface 
is fluted as though by gréat currents across it. 

Staircase Rapids, therefore, is a spectacular abandoned glacial river 
cascade, a short cut from a main route of glacial waters to a major 
divergence, its head 400 feet above the preglacial floor of the main and 
its debouchure deposit 300 feet above the preglacial floor where it joins 
the divergence. Yet its descent was 300 feet for the rapids portion. At 
least that amount of fall must have existed in the surface of the main 
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flood down Cow Creek and the old Palouse route. Staircase Rapids did 
not lead from one pond to another. 

The conviction that gravel deposits of channeled scabland were origi- 
nally as discontinuous as they are today, and that the glacial streams 
had the endrmous depths that are here indicated, has continually led the 
investigator directly to previously undiscovered deposits simply because, 
if the hypothesis is correct, they should be there. The Washtucna region 
exhibits an example of this. The Staircase Rapids were already known. 
It was also known that three channel heads were notched in the loess 
scarps overlooking Cow Creek to the east, 300 feet above the Staircase 
bar, and that they mouthed as one on the east side of this bar, 300 feet 
lower than the bar top. The lower mouthing was because of the unfilled 
preglacial valley here. If the hypothesis were correct, these minor 
streams, if they carried gravel, should have deposits back up in their 
channels at altitudes somewhere between the top of the Staircase bar 
(1,325 feet above tide) and the foot of adjacent loess scarps (1,375 feet 
above tide). Directed by this idea, a traverse was made and two gravel 
deposits in the channels were discovered, both with flat tops at 1,375 feet 
above tide, with steep frontal slope 100 feet high facing down the chan- 
nels and with foreset beds dipping down the channels. Each records the 
same ponding that produced the big bar in the lower Staircase Rapids. . 
Their summit flats are about 50 feet higher than the Staircase bar, indi- 
cating 50 feet less depth to the glacial streams which built them. They 
are essentially intact, for the channels now carry no streams adequate to 
trench them. The channel floors to the east lead down to their flat tops, 
with here and there some scabland surfaces. But the flat tops and the 
steep frontal slopes are constructional. 

Further evidence that these gravel deposits are not erosional remnants 
of an originally continuous fill is found at the east base of the Staircase 
Rapids bar. The contour map seems to show a ravine here heading back 
toward the Rapids, but field inspection shows that the steep east front of 
the bar is made up of definite minor lobings which project out into the 
pseudo-gulch. One of these was built completely across, constituting a 
low barrier, and thus made a closed basin about a half mile long in the 
bed of the apparent gulch. Sand, silt, and gravel have been washed into 
this basin in post-scabland times and it was nearly filled before trench- 
ing of the minor lobe was initiated. Eighteen feet of sediments are now 
exposed in the narrow ravine across the basin fill and its dam. This is 
the sum total of post-Spokane erosion in this pseudo-gulch. Though 
the sediments are derived from the flood débris, they are distinctly dif- 
ferent. The stratification is horizontal, the bedding is thin, iron-stain- 
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ing is prominent in certain layers, root casts are prominent in the finer 
material, and the vertebra of a large herbivore was found in one layer. 
There are curious limited depressions in the finer sediments in places 
that may possibly be a record of down-punching by the feet of herbivores 
that wandered across the basin flat while it was being filled. The 200- 
foot front of the great bar here has foreset bedding which dips south- 
ward, toward the old Palouse Valley. 

Why did not this deltaic bar of Staircase Rapids grow across and ob- 
literate the pseudo-gulch? Why is its top so nearly level for almost three 
miles, and why does the deposit terminate in a slope descending 300 feet 
in a mile at its entrance to the old Palouse Valley? Why are all three 
gravel deposits foreset-bedded? Why are their flat tops so nearly the 
same altitude? How did the glacial water come to spill through these 
channels? How was it possible for the divergent channel at the western 
margin of the head of Staircase Rapids (see figure 3) to function? 
What scarped the loessial hills so strikingly along such narrow valleys? 
Why are the scarp bases so high above the preglacial valley floors? What 
produced the remarkable shift in the course of the Palouse River? Simi- 
lar questions may be asked for combinations of scabland features in 
hundreds of situations on the plateau. In but few of them can alter- 
native explanations be successfully used for single features. In none 
of them can the ensemble be explained except by the hypothesis of enor- 
mous volume of discharging glacial water—the Spokane flood. 


VICINITY OF THE MOUTH OF PALOUSE RIVER 


One of the most remarkable tracts of channeled scablands is the pre- 
glacial Snake-Palouse divide, now trenched by Palouse Canyon. Before 
the inception of the glacial discharge four small tributary valleys, eroded 
into the basalt, drained southward into the Snake, but nothing worthy 
of the name of valley drained northward. The crest of the divide was 
much closer to the old Palouse Valley. Of the four Snake River tribu- 
taries on this 10-mile stretch, three are wholly included in the scab- 
land, one of them having its head stoped back completely through the 
divide to constitute the present Palouse Canyon trench. The fourth 
headed east of the ravaged portion of the divide and only its lower two 
thiles are involved in the scabland. Here conditions were especially 
favorable for deposition of flood gravel and here lies a deposit of singu- 
larly significant character. 

The terminus of the minor divide north of this tributary, and nearly 
at right angles to the course of the flood, was overrun by the glacial 
waters and for nearly two miles the northern wall of the tributary valley 
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is completely buried from top to bottom in basalt gravel (figure 5), 
The south wall is good rugged scabland with no gravel on it. Near the 
western end of this spur the gravel bar deposited on it is 245 feet thick, 
Its structure is foreset, the beds dipping 21 degrees down the north wall 
into the tributary. This gravel certainly came over the divide from 
the north. As shown by the foresets, it did not come from the tributary 
valley above the scabland portion and it was not eddied back from the 
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Figure 6.—Sketch Map of Region at Mouth of Palouse River, Washington 


mouth. The valley contains the deposit and is therefore pre-scabland. 
The top of the bar is about 1,050 feet above tide and its base, at about 
800, is 200 feet above Palouse River, half a mile away. Scabland sur- 
faces, with rolled basalt cobbles and a few erratics, extend up to 1,325 
feet above tide south of the east end of the bar. 

If the combination of features shown by this deposit can be explained 
in conventional terms, the writer lacks the ingenuity required to do it. 




















the 
Lick, 
wall 
rom 
tary 
the 











BARS OF PALOUSE RIVER DRAINAGE 657 


An explanation logically should not be attempted without consideration of 
the more massive and more peculiarly placed gravel deposits in Snake 
River canyon at the mouthing of the great glacial stream. 

One of these deposits is an elongated mid-canyon hill 200 feet above 
the Snake. It extends up the canyon two miles above the mouth of 
Palouse River (see figure 6). Snake River flows north of this hill, with 
basalt cliffs on one side and a 200-foot scarp of gravel on the other 
(figure 7). Basalt cliffs constitute the southern wall of the canyon also, 
ari between them and the mid-canyon hill there is a depression, a 
fosse, 160 feet below the hilltop. The deepest part of this was a closed 
basin originally, about 50 feet below the lowest place in its rim. The 
hill slope toward the south wall is relatively gentle. At the west end 
the hill is wider and is built up against the south wall, which is as typi- 
cally scabland as anything on the plateau to the north. 

The material of this gravel hill is more than 90 per cent basalt. The 
fragments are very little worn. In contrast, the pebbles of nonbasaltic 
rock are conspicuously round and are unlike foreign pebbles in the scab- 
land gravels of the plateau. Comparison with Snake River gravel, in 
present bars and in older terraces for 100 miles farther up the river, 
makes it as clear that this 5 per cent nonbasaltic material came down 
the Snake as it is clear that the angular basaltic débris came from the 
Palouse drainage. The comparison also makes it clear that the mid- 
canyon hill, the 200-foot trench of the Snake on one side, the 160-foot 
empty fosse on the other, and the scabland basalt cliffs to the south are 
wholly unlike anything farther up the Snake. East of the entrance of 
the scabland glacial flood, gravel deposits in the Snake Canyon are ter- 
races, not bars. They are 75 per cent or more of nonbasalt pebbles. 
Nowhere in the first 50 miles up the Snake from the Palouse River 
junction are these terraces known to be 75 feet above the river. They 
are topographically older than the bar deposits, for considerable alluvial 
fans have grown out on them, while the fosse depressions of the bars 
are still unfilled. The rock walls adjacent to the terraces are much less 
vigorously expressed with ledges and cliffs than are those facing the 
great deposits of basaltic gravel in the scablands and at the mouth of 
the Palouse River. 

But this mid-channel hill of gravel is not alone, nor is it the largest 
of its kind in Snake River Canyon. The south side of the canyon, oppo- 
site the mouthing of the glacial river from the north, possesses features 
so extraordinary that the writer almost fears that his description will be 
doubted. Only a very sketchy map (figure 6) can be presented here, al- 
though it shows relations correctly. The sketch shows a short tributary 
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of the Snake flowing westward for a few miles parallel with it and enter- 
ing it a little below the mouth of Palouse River. The divide between 
this tributary and the Snake has a saddle in it directly opposite the 
entrance of the Palouse, making a semi-isolated hill of the western 
terminus of the divide. The hill summit is about 1,200 feet above tide, 
700 feet above Snake River. Both the saddle and the hill to the west 
are strikingly eroded into scabland forms, but on the south side, over 
into the tributary valley, there is an extensive gravel fill most of whose 
surface descends southward for half a mile with a 4-degree slope. Its 
placement is similar to that of the gravel in the minor tributary on the 
Snake-Palouse divide. There is no other gravel in the tributary valley. 
Another tributary draining northward and entering the one subparallel 
with the Snake is blocked by the extreme southern margin of this gravel 
deposit. The margin is a steep frontal slope descending 40 feet to the 
silt-covered flat which floors the valley immediately to the south. 

The down-valley terminus of the divide is the most interesting place 
here on the south side of the Snake River. The semi-isolated hill, very 
greatly scoured and plucked on the north side and summit, is heavily 
mantled with gravel on the south side, almost from the summit down to 
the broad fill with the 4-degree slope. This heavy mantle is yet thicker 
on the southwest, and on the west side the gravel constitutes a great 
shoulder, projecting into and nearly closing the mouth of the tributary 
valley (figure 7). The top of this great shoulder is about 1,075 above 
tide, 550 feet above the Snake and hardly 100 feet below the rocky semi- 
isolated summit. The gravel in it is at least 325 feet deep. It is foreset- 
bedded, dipping 26 degrees northward toward the Snake, paralleling the 
26-degree northward slope of the shoulder. 

The gravel is 12 per cent nonbasalt. The nonbasaltic pebbles are all 
very well rolled and many are polished. Almost all are more than an 
inch in diameter. The basalt pebbles are subangular and for the most 
part small, so that much of the gravel is fine. In this sorted, fine gravel 
are no recognizable foreign pebbles. 

The 325-foot shoulder of gravel extending westward from the semi- 
isolated scabland summit crosses the axial line of the preglacial tribu- 
tary valley. The present discharge from this tributary swings around 
the tip of the shoulder and, after passing it, straightway returns to the 
axial line, thus in effect flowing eastward for a short distance down its 
own valley wall. In this short stretch it has cut a very narrow cleft 
in the basalt 100 feet in maximum depth—a canyon that is completely 
out of harmony with all other features of the tributary valley, and, let 


XLIII—Butu. Gron. Soc, AM., Von. 39. 1927 
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it be repeated, is essentially down the original slope of the valley wall 
(see figure 2, plate 19). 

Though there are many other remarkable features of the district where 
the glacial flood entered Snake River Canyon, they will not be outlined 
here. Enough has been presented to show the nature of the problem. 
Conclusions that seem unavoidable are as follows: 

1. The basaltic gravel south of Snake Canyon was derived from the 
scablands of Palouse River drainage, not from the walls of Snake River 
Canyon farther east, nor from the deeply soil-covered slopes of the tribu- 
tary. 

2. The scabland buttes and cliffs of the walls of Snake River Canyon 
are associated with, and only with, the deposits of basalt gravel in the 
canyon. This is a genetic association, not fortuitous. 

3. The profiles of the hills, mounds, and mantles of this gravel are 
constructional, not erosional. Witness the fosse on the south side of 
the mid-canyon hill, the long foresets of the 325-foot shoulder which 
dip parallel with the surface, and the partial blocking of the tributary 
mouth. 

4. If constructional, then these slopes are the original profiles of the 
deposits. 

5. If original forms, they must be considered as gigantic bar deposits. 

6 (a). If they are bars, then the mid-canyon bar, which is bulkiest 
at the west end and tails out up the Snake away from the mouth of the 
Palouse, was built by a great current setting up the Snake from the 
entrance of the huge scabland river. ‘ 

(b). If they are bars, then the sheet of gravel extending south from 
the saddle was built by water flowing vigorously across that saddle south- 
ward out of the Snake and into the minor tributary valley. 

(c). If they are bars, then the 325-foot shoulder of gravel which de- 
pends westward from the semi-isolated hill, which partially blocks the 
mouth of the tributary, and which has long foresets dipping into Snake 
Canyon, is a bar built largely by water returning to the Snake after 
crossing the saddle. 

%. The base of the great shoulder bar is as high as the summit of the 
mid-canyon bar ; yet, from all field evidence of degree of weathering and 
erosion and of continuous aggradational profiles across the saddle be- 
tween the two bars, they are contemporaneous forms. 

8. The easily identifiable pebbles of Snake River gravel in the great 
shoulder bar are more than 450 feet higher (above the Snake) than in 
any known terraces for 50 miles east of the entrance of the scabland 
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9. The upper limit of the well-expressed scabland just west of the 
mouth of the Palouse is marked by a pronounced and ungullied scarp 
in loess whose base is 1,320 feet above tide, or 800 feet above Snake 
River. The summit of the rock hill, semi-isolated by the saddle through 
the divide, is about 1,200 and not three miles distant. The summit of 
the great shoulder bar, therefore, was under 150 to 250 feet of flowing 
water. 

If the description alone was not sufficiently challenging to raise doubts 
as to the actual existence of these phenomena, the above almost unes- 
capable conclusions may succeed. The writer’s answer to such doubts 
can only be, “Come and see!” The physiographic features of chan- 
neled scabland are spectacular enough to repay the visitor. And they 
are unique. They can not be classified under textbook analyses of land 
forms. 

According to the Spokane Flood hypothesis, the glacial water, which 
crossed the Palouse-Snake divide in a stream nearly 10 miles wide, here 
entered the Snake in such volume and with such current that much of 
the flood crossed the canyon,® poured through the saddle and returned 
in a broad curve down the lower two miles of the tributary to reenter 
the canyon from the sowth side and to build the great shoulder bar with 
foresets dipping northward. .Pre-Spokane terrace deposits in the Snake 
(like those now existing above the junction of Palouse River) were de- 
stroyed by the entering flood, and their characteristic pebbles, in a trip 
not to exceed three miles, were dragged 450 feet higher up the subfluvial 
slope and were thoroughly intermingled with the angular basalt gravel in 
the shoulder bar. Another diverging current flowed up the Snake Can- 
yon, though no outlet exists in that direction, and built a bar 200 feet 
thick beneath its surface. Data to be submitted in another paper indi- 
cate a vigorous current, full of floating ice, moving wp the Snake at 
least 25 miles above the mouth of the Palouse and probably much far- 
ther. The preglacial depth of Snake River Canyon here was essentially 
its present depth. This is attested by the accordant junction of many 
unviolated tributaries of the preglacial drainage system. The minor 
valleys of this system in many places on the plateau and along the Snake 
contain heavy deposits of gravel, sand, and silt, thrown back into them 
by the flood water. There is no escape from these conclusions, therefore, 
by holding that Snake Canyon has been deepened here since glacial water 
first crossed the divide from the north. 





*Some of the water took the normal course, directly down Snake Canyon from the 
mouth of the Palouse, but some flowed vigorously up Snake Canyon to mike a great 
pond whose record will be described in another paper. 








662 J H. BRETZ—BARS OF CHANNELED SCABLAND 


~_ 


The mid-channel bar was built in a strong current more than 200 feet 
deep. The shoulder bar, if built during the same episode, attests a depth 
of 550 feet. The scabby summit of the semi-isolated hill indicates that 
the depth was at least 675 feet, and the loess scarp, with scabland basalt 
ledges and scabland gravel deposits at its base, 1,320 above tide, requires 
a total depth of 800 feet of flowing water at Snake Canyon at this place. 
These are shocking conclusions.’ But this brief account of some bars 
of channeled scabland is only well started. For more data let us return 
to the plateau. 


Bars oF WASHTUCNA COULEE 


A very large divergent strand of the glacial torrent followed the old 
Palouse Valley west from Hooper and Washtucna to reenter the main 
flood at Pasco. This abandoned valley is Washtuena Coulee. The fa- 
miliar loessial scarps, overlooking scarred basaltic surfaces and basaltic 
gravel deposits, stand well above the walls of this abandoned valley, 
generally a quarter of a mile to half a mile back from the brink. At 
Devils Canyon a part of the glacial flood spilled over to the Snake out of 
the old valley, just as it did at Palouse Canyon; but this was a very 
narrow spill, not to exceed a quarter of a mile wide, instead of 10 miles, 
as at Palouse Canyon. Nevertheless, the divide was trenched 450 to 
500 feet deep, almost completely through, and a large deposit of poorly 


7 Their validity depends on (1) the pre-scabland existence of the Snake and Palouse 
valleys; (2) the actuality of the divide crossing by glacial waters, and (3) the bar 
genesis of the gravel deposits. Evidence is submitted in many places in this and other 
papers to establish the first point. There should be no need to repeat it and there is 
no possibility of challenging it except by denying the existence or the described char- 
acter and setting of the features noted. A reader unconvinced will remain so until he 
sees the region himself or until some investigator he will trust has reported on it. The 
divide crossing (item 2) exists and its very youthful features postdate the divide and 
the valleys on either side. The gravel deposits (item 3) exist and if correctly de- 
scribed clearly must be bars. Since no one bar at the mouth of the Palouse extends 
from the bottom of the canyon up to the level of the loessial scarps, one may demur 
at the conclusion that they all postdate the canyon’s present depth; but to call for 
two or more episodes of rivers great enough to build such bars (one or more to pre- 
date the present canyon depths) does violence to the older terrace gravels farther up 
the Snake, to the character of the episode (for such bar-building obviously was unique 
in Pleistocene history), and to the existence of other bars whose uneroded forms do 
extend almost all the way from valley bottom to the scarp-marked upper limit of gla- 
cial waters. 

The writer appreciates that hesitancy to accept the flood hypothesis, even definite 
denial of his interpretations of the land forms themselves, will exist until other workers 
enter the region. He has come to realize that probably no amount of printed descrip- 
tion will dispel a belief that selection of data has been made to support a favored 
hypothesis rather than to find the true explanation; but if the field evidence for the 
flood exists as described, it is obviously useless to attempt an explanation by the 
hypothesis of a long and complicated series of Pleistocene drainage changes. (See the 
writer's article, “Alternative hypothesis for channeled scabland,” Journal of Geology, 
vol. 36, 1928, numbers 3 and 4.) 
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worn basaltic material was built a quarter of a mile out into Snake 
River Canyon from the mouth of this trench. The deposit has no really 
definitive shape and no significant altitude, but it constitutes (or did 
constitute) a complete barrier 50 feet high in the middle of Devils 
Canyon, and its form, position, and composition indicate its origin in 
a flooded Snake River Valley by a large and vigorous stream through 
Devils Canyon. . 

Washtuena Coulee carries a great deal of gravel veneered as thin, side- 
hill bars throughout most of its length, but gravel is most prominent 
in the vicinity of Connell and Sulphur Lake. Connell is built on a 
broad gravel flat on the coulee floor. The gravel deposit here blocks the 
old valley for 12 miles eastward.* If the region had sufficient rainfall, 
a lake of this length and more than 100 feet deep would exist here. 
Though the surface of the gravel fill is undulatory, its slopes are not 
erosional. Indeed, the hypothesis that seeks to explain these discon- 
tinuous gravel deposits of channeled scabland as erosional remnants fails 
utterly when applied here. No normal stream through Washtucna 
Coulee could erode a basin more than 12 miles long and 100 feet deep. 
Even the glacial stream, prodigious as it was, left the basin only as a 
consequence of bars built in the vicinity of Connell. 

If the trenching into basalt by glacial water at the head of Palouse 
Canyon had been 100 feet less in depth, Palouse River in post-Spokane 
time would have resumed its preglacial course through Washtucna 
Coulee and this hypothetical lake would have existed until an outlet 
channel had been cut through the Connell gravel bar. Palouse Canyon 
thus would have been left a dry trench like Devils Canyon. If the 
Connell bar had been built up 50 feet higher in the coulee and Palouse 
Canyon had been 100 feet less in depth, Devils Canyon would have been 
the route of the post-Spokane Palouse. When the depths of erosion 
in basalt by the flood waters and the thicknesses of river bars they left 
are considered, it is obvious that relatively slight differences in such re- 
sults have determined the present routing of the lower Palouse. 

Two tributary valleys to the abandoned portion of the old Palouse, 
entering from the north between Devils Canyon and Connell, had their 
mouths completely closed by bars. In both cases the bars have been cut 
through subsequently. The great rounded bar at the mouth of Rattle- 
snake Coulee, three miles east of Connell, is composed of basaltic sand 
and fine gravel with foreset beds dipping back into the minor valley 
from the main. Basalt ledges show in the lower slopes, but the upper 





’The United States Geological Survey’s Connell sheet should have the 800 and 850 
contours hachured. They are closed contours. 
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part, 170 feet above Washtucna Coulee floor, is built up on the walls in 
a true bar form, with a broad fosse from 10 to 30 feet deep between its 
crest and the adjacent basalt cliff. 

Hardesty Coulee, the eastern of the two preglacial tributary valleys 
just noted, has a bar dam, now trenched, whose summit is about 300 
feet above Sulphur Lake, the lowest place in Washtucna Coulee. The 
slopes of this bar come down almost to the lake surface. The writer 
knows of no place in the whole system of channeled scabland where more 
bars can be seen from one viewpoint and where their forms are more 
convincingly shown. The entire slope of the coulee south of the lake 
carries bars. They lie at various altitudes and are of different magni- 
tudes, most of them side-hill bars, great heavy veneers of gravel extend- 
ing through 100 to 200 feet of vertical range. There are also bars with 
good rounded summits standing out from the basalt wall above them 
and sloping back toward this wall, and there are bar forms on the floor 
of the coulee. Excellent exposures along a new road throughout the 
entire vertical range show that everywhere the dominantly basaltic 
gravel is bluish black and “bright” 18 inches or less beneath the surface. 
The higher gravel deposits are as fresh as those on the floor of the 
abandoned valley. 

Scabland extends from the surface of Sulphur Lake, below 740 above 
tide, up to the foot of good loessial scarps, at 1,125 above tide, and these 
bars range through at least the lower three-fourths of this distance. The 
large glacial river strand down Washtucna Coulee was more than 375 
feet deep here. Its surface was 250 feet lower than at Washtucna, 30 
miles upstream. At Devils Canyon the water was up to 1,250, as shown 
by a minor spillway near the head of the canyon, a spillway that was 
early abandoned. This is nearly 375 feet above Washtucna Lake, on the 
coulee floor. 

The very youthful Palouse Canyon and Devils Canyon divide transec- 
tions are simply inexplicable without a Washtucna Coulee (pre-scabland 
Palouse Valley) flooded to the brim. Altitudes show this clearly. Yet, 
when they operated, a glacial river about a mile wide and 350 to 375° 
feet deep was also flowing westward. The river’s own record is there, 
downstream from the divide crossings. It must not be ignored if we are 
definitely committed to the finding of the true explanation for scabland. 
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Bars oF Cras CrREGK DRAINAGE 
PALOUSE RIVER DRAINAGE AREA 


Palouse River is the largest stream flowing from the plateau in Wash- 
ington. Its drainage area, however,° is less than half as large as that 
of Crab Creek. This creek, hardly more than an intermittent stream at 
its mouth, receives the run-off of one-third of the plateau as delimited by 
the Columbia, Snake, and Spokane rivers and the Washington-Idaho 
boundary line. Its divide is even closer to Spokane and Columbia can- 
yons on the north than is that of the Palouse River system. The length 
of this divide is about 65 miles. One-third of it is channeled scabland. 
This scabland extends northward on to slopes descending to the Colum- 
bia, though it was made by glacial water flowing southward.’® Crab 
Creek drainage also received several glacial rivers from the main dis- 
charge along the Palouse drainage. 

Yet this system has no such broad river-swept tract completely along 
it as does the Palouse drainage. The anastomosis of the initial stage of 
the flood has largely survived. Favorable lodgment places for stream 
gravel are more numerous, in part because of the intricacy of this chan- 
nel pattern, and bars, therefore, are more common than in the Palouse 
scabland. Only a few, however, can be described here. They are se- 
lected chiefly to show the principles controlling such deposits and to 
establish the verity of the glacial flood." 


REARDAN BAR 


In the map published by the writer in 1923 ** the easternmost channel 
of the Crab Creek system is shown leaving the margin of the ice-sheet 
about six miles north of the town of Reardan. It was known then that 
a prominent mounded gravel deposit largely blocked this channel about 
one mile north of Reardan, and that in part, at least, its structure was 
foreset northward. This seemed explicable as an eddy current structure, 
but later study has shown that there are two bars here, 20 and 30 feet 
high, respectively ; that they completely block the channel from the north, 
and that each has a steep northward slope like a delta front. A small 
lake is inclosed between them, and the channel, after restudy, proves 





* Including the portion in Idaho and not shown in figure 1. 

See second part of the writer’s paper “Alternative hypotheses for channeled scab- 
land.” 

“It is understood, of course, that the flood hypothesis is to be tested, also, by other 
criteria than bar deposits. 

“The channeled scabland of the Columbia Plateau. Journal of Geology, vol. 31, 
1923, opposite p. 618. 
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to be an insignificant thing, though it is truly open through from the 
north. There is almost no scabland in this channel and only faint 
loessial scarps high up on the sides. The scabland and its bounding 
bluffs in loess, which are prominent from Reardan southwestward, ac- 
tually begin at that town. A situation such as this challenges the whole 
hypothesis; for scabland, if formed by glacial streams, should be trace- 
able continuously to the glacial margin. Were glacial waters required 
to make scabland? Might not the prevalent bare rock in bottoms of the 
plateau valleys be the result of local stream-work aided, possibly, by 
wind scour? A few paragraphs will be devoted to this local problem 
because of its bearing on larger interpretations. 

Reardan stands almost on a three-way divide. Drainage goes north- 
ward directly to Spokane River, southeastward to Deep Creek and thence 
to the Spokane, and southwestward to the head of Crab Creek. The 
north-draining valley is the most marked, it is the narrowest, and it 
has the steepest gradient of the three. It clearly is a preglacial drain- 
age route. The valley leading southwestward has a low gradient and 
its rugose rocky floor is more than a mile wide, in striking contrast with 
the north-draining valley; and the valley leading southeastward is like- 
wise broad and has a low gradient, but has no loessial scarps and, except 
for the first two miles east, has no scabland on its floor. It descends 
about 10 feet to the mile. 

The two mounded gravel deposits, here called bars, require by the 
flood hypothesis a large glacial stream flowing either east or west across 
the site of Reardan, across the preglacial divide on which they are built. 
That river never flowed up Crab Creek and down to Deep Creek. Could 
it have flowed up from Deep Creek, up a gradient of 10 feet to the mile, 
and across to Crab Creek ? 

The answer was found in the wide distribution of fresh erratic boulders 
among the loessial hills northeast of Reardan. They occur at upper 
altitudes, ranging from 2,500 to 2,525,’* in all the valleys of this group 
of hills. They came from the near-by ice-sheet and were berg-rafted 
in standing water between the ice on the north and the plateau divide 
on the south. The uncanyoned head of the great Palouse scabland tract, 
21 miles wide, is only a few miles distant and its floor is from 2,450 to 
2,490 above tide. No glacial ice or preglacial hills stood between it and 
Reardan ; yet the depth of water was so pronounced at the head of this 
broad spillway that the wide, unscarred valley southeast of Reardan be- 
came a divergent route and shared in it, carrying a broad, deep, gentle 


13 One is recorded at 2,560, but this reading was not checked. 
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current westward, up its bottom gradient, to cross the divide at Reardan 
and thence to flow turbulently enough to make the scabland channel to 
Crab Creek. No gravel came out of this semiponded area; the bars are 
built of basaltic débris picked up in the two miles between them and 
the head of scabland. The angular character of the gravel suggests 
the same thing. Ponding among the loessial hills resulted also, and 
thus the erratic boulders were scattered among them. 

The channel floor at Reardan is 2,440 feet above tide and the upper 
limit of the glacial water here was 2,500. How deep was the river at 
its initiation? How much was the original divide lowered by its corra- 
sion? The sum is 60 feet. The bars indicate a depth of more than 30 
feet when they were built. And certainly the Reardan channel was only 
a minor western divergence contemporaneous with the rest of the great 
Palouse spill. 

KRUPP (MARLIN) BAR 

This deposit is 70 miles farther down Crab Creek, though less than 
50 miles by another route of the plexus from the ice-sheet. For a mile 
or more at this town the northern wall of Crab Creek Valley is com- 
pletely buried in gravel. The crest of the deposit here is level and it 
looks from the south like the frontal slope of a great delta or terrace. 
The total height is 260 feet. Rugged basalt cliffs constitute the northern 
wall of the valley both upstream and downstream from the steep gravel- 
covered portion. The frontal slope is unfurrowed by gullies, but is 
fluted with small, mounded forms, among which are a few undrained 
depressions. There is no definite angle between the steeper frontal 
slope and the top. For nearly a mile north of the brink the deposit 
constitutes a gravel plain, descending 40 to 50 feet in that distance away 
from Crab Creek Valley to meet the maturely dissected, loess-covered 
basalt hills which rise 100 feet in another mile north. The highest 
part of the deposit is on the brink overlooking Crab Creek Valley. 

The material at the north limit is well-sorted basaltic sand with a few 
cobbles of basalt and of dense, white, calcareous material, such as is com- 
mon in seams in the loess and in pockets between loess and basalt. 
Angular basalt fragments are imbedded in some of the limestone—a 
relationship which clearly was produced before the cobble-making. Only 
one foreign pebble was found—a quartzite. 

Nearer the crest the material is dominantly gravel and limestone 
pebbles are relatively rare. In both places there are 18 to 30 inches 
of dust above the deposit and a discolored zone of the upper 6 inches of 
the gravel and sand. Below that the material is blue black in color 
for the full depth, of exposure, 15 feet. Near the base of the frontal 
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14 Sylvan Lake, four miles long; 
(Stratford) Lake are examples. 


Bars and Fosse in Crab Creek Valley, Washington, near Wilson Creek Station 


Figure 9. 


Drawn from photographs. 


Main current of the glacial river swung to the right of these bars. 


View taken looking west. 


slope the material has abundant sub- 
angular basalt cobbles. There is no 
scabland back of (north of) this de- 
posit, and no loessial scarp. The. 
waters which put the material here 
were not vigorous enough, as wit- 
ness the dominant sand. It was a 
protected place at the downstream 
terminus of a large loessial island; 
but the deposit is a unit from bot- 
tom to top—a unit in form, in com- 
position, in degree of freshness. 
Here at Krupp, apparently, is a 
stream deposit of the Spokane flood 
which extends through the entire 
vertical range of the great glacial 
Crab River. It is not a remnant of 
a former fill. Such a fill would have 
completely obliterated Crab Creek 
Valley. Since made of débris taken 
from the valley walls, the idea of 
such a fill is an absurdity. Such a 
fill, dissected to a depth of 260 feet, 
would have exceedingly conspicuous 
remnants for a hundred miles along 
Crab Creek, and there is nothing 
remotely approaching such features. 
Instead, the buttes, cliffs, and basins 
in basalt on all slopes from bottom 
to top are river-channel features, 
simply impossible by the erosion of 
Crab Creek in post-Spokane time. 
Furthermore, there are large bars at 
lower levels, some of which block 
the drainage of the creek itself."* 


BARS NEAR WILSON CREEK STATION 


The floor of Crab Creek Valley 
west of this town carries several very 


Crab Lake (now drained), six miles long, and Brook 











‘ire 
vial 


ave 
eek 
cen 

of 
ha 
set, 
ous 
mg 
ing 
res, 
ins 
om 
res, 

of 


: at 
ock 


ON 


ley 
ery 


rook 








BARS OF CRAB CREEK DRAINAGE 669 


well-expressed bar deposits. They lie in protected situations provided 
by the original irregularities of the pre-Spokane valley. One which 
is crossed by the North Central Highway (figure 9) lies in the lee of a 
rocky shoulder on the south side of the valley and has a long, gentle 
slope toward the main part of the valley, on which slope are the char- 
acteristic flutings and moundings. Its south slope toward scabland 
walls is considerably steeper ; but it does not reach these walls, and there 
is a broad unfilled tract between bar and wall—a tract that no one can 
explain as erosional in origin. Another bar, farther west, assists in 
inclosing the unfilled tract. 

East of Wilson Creek Station and on the north side of Crab Creek 
a bar almost completely blocks the mouth of Connawai Creek, a minor 
glacial river strand from the north. The bar is much like that at Krupp, 
though smaller. It rises 180 feet above Crab Creek, toward which it 
has a slope of 20 degrees. Its back slope descends approximately 5 de- 
grees toward the minor valley and is about 50 feet high. ‘The bar con- 
stitutes the north wall of Crab Creek Valley for a thousand feet or so. 
Connawai Creek in post-Spokane time has cut a gulch alceng the west 
edge of the bar and encountered the basalt shoulder buried beneath 
the gravel. The bar is highest in the middle of the mouth of the 
tributary. The material of the bar is 95 per cent basalt, and all con- - 
stituents, including the foreign pebbles and cobbles, appear almost per- 
fectly fresh in the slope wash. Scabland in this vicinity extends about 
100 feet higher. The bases of loessial scarps margining Crab Creek 
Valley near this place are 200 feet above the bar top. 

Nine miles by road up Wilson Creek, which is another ravaged pre- 
glacial tributary of Crab Creek, is an interesting bar deposit. It lies 
in the mouth of a minor and unviolated tributary of Wilson Creek. In 
form it is a terrace about 60 feet above the floor of Wilson Creek Val- 
lev, but its surface slopes about 3 degrees back into the mouth of the 
tributary valley for half a mile and there descends in slopes of 12 to 25 
degrees to the broad floor of the tributary. This margin is distinctly 
convex in profile. It is not an erosional scarp. In ground plan it is 
crenulate and the whole deposit constricts the tributary valley floor to 
about one-tenth of the width it has immediately upstreain. Looking 
down the tributary valley from a point about a mile above this deposit, 
it appears like a complete dam. There is no gravel farther up the 
minor valley. The gently sloping surface of the bar top is littered with 
cobbles and rolled boulders, some of them two feet in maximum diameter. 
The steeper slope of this terracelike deposit, facing Wilson Creek Val- 
ley, looks like an erosional scarp. 
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Wilson Creek carried a glacial stream; the tributary did not. That 
glacial stream was deep enough and vigorous enough to build this local 
deposit back for half a mile into the tributary, and to roll boulders back 
into ponded water in the tributary valley along the 3-degree slope. But 
the main valley was not filled. The deposit, therefore, is a bar. 


BAR NEAR THE HEAD OF GRAND COULEE 


This feature is described here as a part of the record of the Spokane 
flood. It may, however, be younger in age, for Grand Coulee carried 
a great river during the later Wisconsin glaciation, but it shows well 
the characteristics of bars all over the scabland, and its age, for this 
purpose, is immaterial. 

The bar lies in an alcove in the upper wall of the coulee, just south 
of the fairly continuous granite ridge that crosses the coulee near the 
head. Its summit is about 150 feet above the coulee floor and about 50 
feet above the alcove floor between it and the coulee wall. A narrow 
gulch out of the alcove pocket has cut away one end somewhat, but 
otherwise its bar form is very good. The essential characteristics are 
the elongate crest (which is foreshortened in figure 3, plate 20) parallel 
to the coulee wall, but standing out from it, the back slope toward the 
wall, the fosse thus formed, and the general roundness and convexity of 
all profiles, gullying being almost wholly absent. Features of this class 
are individual deposits made in vigorous streams at least as deep as 
their crests are high above the valley floor. With but one exception, 
no terraces eroded in gravel are known in channeled scabland. Virtually 
all gravel deposits have the characteristics of bars. 


BARS OF QUINCY BASIN 


The entire plexus of Crab Creek glacial drainage, that from the edge 
of the ice directly and that from the west side of the Palouse spillway, 
converges to a shallow structural basin in the western part of the plateau. 
The basin had no outlet adequate for the great volume and more than 
twenty townships were covered completely with basalt sand and gravel; 
but, since the basin is a likely place for sand and gravel to come to rest, 
since this basin was here before and has been here ever since the Spokane 
episode, and since the local rock is all basalt, why should the deposits 
in it be called Spokane? 

The answer is that they are not all Spokane in age, but that the 
dominant upper sand and gravel deposits, here called Spokane, are dis- 


tinctly different in composition, in degree of weathering, in structure 
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and texture, in topographic expression, and in relation to discharge- 
ways, from other deposits known in the basin. 

A study of the dischargeways of Quincy Basin shows most clearly 
what the conditions in the basin must have been when they functioned 
There are four—a fact challenging enough in itself. These four operated 
simultaneously. The upper limit of scabland and its gravel, or the 
base of loessial scarps, or both, are essentially the same at €ach outlet, 
ranging between 1,275 and 1,325 feet above tide. Since the range in lati- 
tude among these outlets is 18 miles and that in longitude is 35 miles, 
it is unlikely that any warping in the structure that makes the basin has 
occurred subsequent to operation of these spillways. If they were closer 
together, the unavoidable error in determining the upper surface of 
water from these physiographic features might be held to include some 
movement without revealing the fact, though the objection would be a 
weak one even then. 

No sequence in operation being admissible, at least at the inception 
of the discharge, the size of the dischargeways becomes especially signifi- 
cant. Three of the outlets appear to have been great cataracts into 
Columbia Valley to the west. Scabland channels from half a mile to two 
miles wide lead across the western rim to the brink of cliffs 200 to 400 
feet high at the head of deeply recessed rock-walled alcoves in the walls 
of the Columbia. Rock basins with a maximum depth of 200 feet lie 
in the aleoves at the foot of these cliffs. The total range from floor 
to upper limit of water in two of the channels above these cataracts is 
100 feet. 

The fourth spillway out of Quincy Basin was a great cascade over the 
southern rim. It is a marvelous region of scabland buttes and knobs, 
canyoned channels, rock basins interrelated in a complex unparalleled 
elsewhere, even in the scablands. At the head its width is 9 miles and 
the vertical range of scabland is nearly 375 feet. It seems clear that 
this was the site of preglacial discharge out of Quincy Basin and that 
part of this erosion across the southern rim was pre-Spokane. But 375 
feet at this great spillway is the sum of original glacial stream depth 
and total glacial stream erosion, and the 100-foot depth at the head of 
the two larger cataracts is similarly the sum of these two quantities. If 
one seeks to minimize the volume of escaping glacial water, he may esti- 
mate a larger fraction of this vertical range as erosion in the basalt- 
floored channels. This requires very much more time. During this 
time he must keep the two great cataracts and the great cascade contem- 
poraneously operating while nearly 100 feet of basalt is eroded, this in 
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spite of the strong probability that the southern and deepest discharge. 
way was already a complete notch in the basin rim; and, furthermore, 
he .must keep these small streams from two to nine miles wide. The 
factor of deepening in basalt by local run-off can not be introduced 
into the problem. There has been none at the cataract heads and very 
little, if any, in the great cascade spillway. To use the hypothesis of 
two or mofe episodes of glacial discharge for the production of these 
great spillways, Quincy Basin must be supplied each time with a volume 

















Figure 10.—Scabland and gravel Deposits of Quincy Basin and Vicinity 


Contours on the gravel deposits generalized from Quincy, Winchester, Moses Lake, 
and Wheeler sheets of the United States Geological Survey. Township corners indicate 
scale and can be used to locate cultural features. 


adequate to maintain all four spillways, or a complicated warping must 
be postulated, the present net result of which has been to put upper 
limits at dischargeways all in the same horizontal plane, and thus to 
destroy evidence of the warping. Terracing across the gravel fill then 
should exist to show the sequence of operation ; but there is none (except 
the Moses Lake channel), and to this it should be added that, though 
there must be evidence of greater age of the earlier dischargeways, the 
writer has failed to find it or has neglected to report it. The writer again 
confesses his inability to interpret scabland phenomena—the Quincy 
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Ficure 1.—Bar in Moses CouLer 


View taken looking south. Fosse, which is the mouth of a preglacial tributary, is 50 
feet below the crest of the bar. 











Ficgure 2.—Bar IN GRAND COULER 


Looking east. Crest of bar is 150 feet above coulee floor. 








Figure 3.—DBar iN GRAND COULEE 


Looking south. Crest of bar is 50 feet above the fosse between it and the cliffs. 


BARS IN MOSES AND GRAND COULEES 
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Basin spillways in this case—in the conventional concepts for melting ice 
and the escape of its waters. 

With the case for great volume of discharge set forth above, the de- 
posits of the basin may be examined. They are shown in figure 10. If 
they were not made by the great streams the writer conceives of, a fairly 
uniform aggradational plain would have been built, its surface marked, 
perhaps, by abandoned channels of distributary type and perhaps by 
terraces, if the dominant outlet was deepened later in the period of 
aggradation. Such a plane would be highest at the entrance of the 
glacial rivers and would slope southward and westward across the basin. 

Though there are flat tracts on the gravel fill, it is impossible to inter- 
pret the topography of the basin floor in these terms. Except along 
Moses Lake trench, which was eroded in gravel during the later Wis- 
consin epoch, there are no terrace flats or terrace scarps. The gravel 
is piled in great mounds with broad lateral flutings. The depressions 
which occur among them do not have the characteristics of eroded chan- 
nelways, their floors do not have continuously descending gradients, their 
sides vary greatly in slope and in distance apart, and they generally flare 
out and lose their identity by a decrease in the height of the margining 
mounds. Others begin out in the plain and their heads are closed in 
by the moundings in a way that no true channel could possibly be. Some 
are closed basins among the mounds, which everywhere are characterized 
by convex profiles. Many mounds extend 50 feet above their surround- 
ings. They show almost no trace of work done by local run-off. Though 
broader and flatter, they are as definitely constructional forms as the 
channel bars already described in this -paper. 

Scabland basalt knobs outcrop in the northern part of the deposit 
near the entrance of the glacial streams into the basin. From data 
not presented here, 30 feet seems to have been the minimum depth of 
current necessary to pluck the rock basins and the irregular knobs which 
characterize basalt scabland. This scabland is 50 feet above the upper 
limits of dischargeways and the adjacent gravel deposits. 


Bars IN Moses CouLEE 


Of the scabland channels only Grand Coulee and Moses Coulee were 
open to Wisconsin waters. Moses Coulee carried but a small stream 
and there is little question that features well above the floor are pre- 
Wisconsin in age. A remarkably well-shown bar on the walls of Moses 
Coulee is crossed by the Sunset Highway. It is on the west side and 
200 feet above the floor (see figure 1, plate 20). The depression back of it 
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is completely inclosed, is 50 feet deep, and covers 5 to 10 acres. The de- 
pression is the blocked mouth of a minor gulch cut om the coulee slopes, 
The bar deposit is very bulky. It extends all the way down to the 
coulee floor and its length is two miles. Farther south it abuts directly 
against the basalt cliffs and is only 100 feet high. Its cross-section 
profile is convex throughout. 

One of the most strikingly placed gravel deposits of the scabland 
system is on the upper brink of Moses Coulee and on the outside of the 
sharp-angled westward turn in the course of the coulee. This east-west 
part of the coulee, about eight miles in length, is inclosed between two 
nearly east-west anticlinal upwarps of the basalt plateau. It is essen- 
tially a syneline and the structural-topographic depression extends five 
miles or so farther east than the entrance of Moses Coulee from the 
north. In pre-Spokane time Douglas Coulee (which has no channeled 
scabland) probably was the main drainage line of this part of the plateau 
and certainly had a canyon across the southern anticline south of Pali- 
sades. Minor drainage from the syncline was tributary to it. Much 
of the synclinal floor was undissected. The Spokane glacial waters 
tremendously eroded this syncline and the lower course of Douglas Coulee, 
now considered a part of Moses Coulee. This erosion left upper Douglas 
Coulee as a hanging tributary, its lip 350 feet above the gravel fill in the 
scabland canyon. A cataract or cascade originating in the glacial river 
close to the junction with Douglas Coulee retreated eastward along the 
synclinal floor almost to the sharp angle where the coulee enters the 
syncline. Here it is today, a mile wide, 400 feet high—a series of great 
steplike cataracts and cascade-chutes, of recession alcoves and buttress- 
like remnants between them, mute evidence of the size and vigor of the 
glacial stream which made it. This, however, is not all of the evidence. 
Just east of the sharp turn in the course of the coulee, above all the 
amazing display of wildly rugged scabland, 500 feet higher than the foot 
of the great cataract-cascade and back on the undissected floor of the 
syncline, is a deep, widespread deposit of stream gravel. It is a broad 
mound whose surface undulates through 50 feet of vertical range in 
unmistakable bar forms. The deposit ends abruptly toward the south- 
east in a slope of 25 degrees. The flat floor of the syncline immediately 
in front of it carries three to four feet of silt and dust directly on basalt. 
The gravel is 99 per cent basalt. The total height of the deposit is 80 
feet. 

The topography and distribution of this gravel permits of but one 
logical interpretation. It was built southeastward into the undissected 
part of the syncline, which then contained ponded or semiponded water, 
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surely 100 feet deep. Its débris came from the glacial river down Moses 
Coulee. There is no retaining wall to the west and there never was 
any. The ponding was due to the great volume of the Moses Coulee 
stream immediately to the west. It is true that the great series of 
cataracts and cascades probably had not receded far at this time, and 
that perhaps the synclinal floor above Palisades then had only a canyon 
in it like Douglas Coulee today; but the Douglas Creek notch across 
Badger Hills anticline was open then, and only large volume and vigor- 
ous current can explain the transportation of the débris and the build- 
ing of this form on the margin of a glacial river more than a mile wide. 


Bars IN COLUMBIA VALLEY 
BARS WEST OF QUINCY BASIN 


A prominent rock terrace lies along the east side of Columbia Valley 
where the three cataracts discharged out of Quincy Basin. It is not hori- 
zontal. Its surface rises northward from 975 at the middle cataract (The 
Potholes) to 1,375 feet above tide in about five miles. It has a maximum 
width of a mile. The southern part of this terrace, where it is below 
1,300 feet above tide, is truly scabland in character. This is particularly 
marked at and below 1,200 feet above tide, where on the riverward edge of 
the terrace there is a wilderness of low buttes and rock basins with a local 
relief of 30 to 40 feet. Connected channel forms are not conspicuous. 
Between this scabland and the foot of the 200- to 300-foot basalt cliff east 
of it are broad gentle swells or mounds of gravel higher than the scab- 
land by 50 feet or so. Nearer the base of the cliff the material in these 
mounds is mostly sand instead of gravel. Ninety per cent of the pebbles 
are basalt, about twice the content of basalt in present Columbia River 
gravel here. 

A fosse 20 to 30 feet deep separates these mounds from the base of the 
cliff. Toward it the bar forms are crenulate, as though built out irregu- 
larly, but never reaching the cliff. The fosse is not due to subsequent 
erosion. The talus of the cliff partially fills it and wash is accumulating 
in small basins on its floor. The bar forms have hardly been scarred by 
erosion. The relation is what should be found if a great flood swept this 
basalt bench. 

Farther north the aspect of the surface of this rock terrace, where its 
altitude is above 1,300 feet, is wholly different. It has no gravel bars, no 
scabland, no rock ledges of any sort. Its edge is trenched by ravines ; the 
cliff above it is without ledges or talus and is much less steep than that 
back of the scabland part of the terrace. The scabland-making condi- 
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tions never obtained here. Yet two miles farther north, at the northern 
cataract (Crater Falls), this terrace is trenched completely across and in 
the reentrant alcove the cliffs are 300 feet high and nearly vertical. The 
Crater cataract is all of 200 feet high. 

There are huge gravel bars in the Potholes alcoves, noted in an earlier 
paper.’* The northern alcove has a bar along its north side for a mile. 
The bar crest is distinct; it is elongate like a great beach ridge and 
throughout it is separated from the basalt wall by a fosse whose depth is 
50 feet maximum. Talus in one place has nearly filled the fosse. Bould- 
ers of basalt 2 to 3 feet in diameter lie on the bar, clearly not débris from 
the crumbling wall adjacent. The channel in the middle of the alcove 
floor is at least 125 feet lower than the bar top. The water at the time 
the bar was built was at least that deep, for the lower 75 feet of this chan- 
nel depth is a rock basin. The channel is more than half a mile wide. 
The size and vigor of the stream here is thus indicated. There was, more- 
over, another stream of equal size in the southern alcove of the double 
fall. Potholes Cataract was only one, and not the largest one, of four 
different spillways out of Quincy Basin, and Quincy Basin probably did 
not receive more than half of all the glacial water discharging across the 
Columbia Plateau during the Spokane epoch. 


BARS BETWEEN BEVERLY AND PASCO 


For 60 miles above the junction of Snake River the valley of the 
Columbia, which here is largely structural, carries great gravel deposits 
in huge mounds separated by river channels. The course of the Columbia 
is largely lateral to the elongate group, but it crosses in two places. Else- 
where the channels are abandoned, Not all the mounds are composed 
of gravel to the base, but there are no indications otherwise in most of 
them. These accumulations stand as much as 400 feet above adjacent 
empty channels. Their forms are very striking indeed, and there is no 
escape from the conclusion that they are river bars of great magnitude. 
This interpretation has been admitted in the only detailed challenge of 
the Spokane Flood hypothesis yet in print—a challenge that deals with 
this particular area.*® In the writer’s reply** it was stated that the 
Spokane age of these bars was not yet established. More data are now 
at hand. 








J H. Bretz: Glacial drainage on the Columbia Plateau. Bull. Geol. Soc. Am., vol. 
34, 1923, pp. 573-608. 

%E. T. Knight: The Spokane flood: a discussion. Jour. of Geology, vol. 35, 1927, 
pp. 453-460. 

bo, H. Bretz: The Spokane flood; A reply. Jour. of Geology, vol. 35, 1927, pp. 
461-468, 
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Listing only the major features, such as 50-foot contours would show, 
there are eight definite bars.in this group. They range from 4 to 25 
miles in length. They may be considered in three sections, determined 
by the crossings of the group by the Columbia (see figure 11). The bar 
farthest upstream may be in a large part a veneer bar. It lies east of the 
Columbia, is about 12 miles long, 850 feet above tide, and nearly 400 
feet above the Columbia at its head. It lies on the inside of a broad 
curve in the valley, its base close to the river. The outside of this curve 
is a dissected basalt valley wall which rises well above the upper limits 
ascribed to the flood. The bar profile and the location of the river with 
reference to the basaltic wall on the outside of the curve makes the 
ensemble look like the result of lateral planation, the side of the bar thus 
being a slip-off slope. It may be that in part, but the character of the deep 
gap five miles north, where Columbia River crosses Saddle Mountain 
anticline, debars the Columbia from ever having had its main course over 
the higher part of this slope. Furthermore, there is lower land back of 
(east of) the bar. 

The entire riverward slope from 850 down is covered with rolled 
basaltic gravel. This is coarser on the lower slopes, and with increasing 
distance from the Columbia, especially across the summit, and toward the 
back slope it grades into a coarse basaltic sand. The gravel is as fresh 
on the summit, 400 feet above the Columbia, as it is on the lower 
slopes. It is difficult to explain these features in terms of normal valley 
deepening. They conform to the requirements of the flood hypothesis, 
but they should not be interpreted by themselves. A regional study alone 
will afford a safe basis. The evidence already presented has shown the 
need for a greater volume of water in the plateau drainage lines. Even 
more exceptional features farther down the Columbia await our study. 

The second section of the group begins across the river three miles 
directly south of the downstream terminus of this bar. Here is a terrace- 
like spur, 800 feet above tide, projecting southeastward from the higher 
basalt hills and traceable in this direction to the junction of the Yakima 
River with the Columbia, 25 miles distant. Its surface descends grad- 
ually a total of 400 feet in this distance. The spur separates an inter- 
mittent stream, Cold Creek, from the Columbia for this entire distance. 
At the head (the 800-foot portion) the slopes of the spur are equally 
steep toward the Columbia to the north and Cold Creek to the south. 
The southern slope is 100 feet high and is quite surely constructional. 
Cold Creek Valley is two to three miles wide and the stream is now 
filling it and disappears in it south of this slope because of evaporation 
and seepage. The terrace spur either is wholly of gravel or is so com- 
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pletely mantled with gravel that nothing else shows. The gravel ranges 
from 60 to 87 per cent basalt and is well rolled. There is no greater 
degree of weathering of the upper gravel than anywhere else in the bars 
described thus far. 

Traced southeast, the form of this gravel bar between Cold Creek 
Valley and the Columbia becomes broader, flatter, and lower. Much 
wind-drifted sand overlies it in its southern portion, but the very broad 
creek valley clearly has been determined for 21 miles by the building 
of the gravel deposit, not by erosion of that stream. 

The more limited, more accentuated, bars of the group and their 
separating abandoned channels have already been described sufficiently to 
make their origin clear.1* Their locations out in the central part of the 
structural valley, where the greater current of the glacial Coiumbia 
flowed, are due to basalt hills that project above the level at which the 
gravel was carried. These hills (Gable Butte and Gable Mountain) 
were overrun and sculptured into striking scabland forms. Part of their 
débris is recognizable as angular boulders abundantly strewn over the 
bars in the immediate lee. A marked scabland ledge outcrops also in 
the lower north slope of the 800-foot terrace spur. Many pebble counts 
show that basalt in the gravel of these bars ranges between 60 and 80 
per cent. The present Columbia gravel adjacent to them has not been 
found to exceed 50 per cent basalt. No difference in weathering in the 
upper and lower bars has been found. The thickness of dust cover varies 
from 4 to 14 inches. It is not regarded, however, as a ‘trustworthy 
criterion of age, for dust on gravel only 25 feet above the Columbia is as 
thick as on the highest bars. 

Southeast of this middle section of the group the Columbia crosses 
to the western side. The bars in this southern section are related to the 
glacial rivers in Columbia Valley, in Washtucna Coulee and in Snake 
Valley, all of which coalesced at one place. The field relations here in- 
dicate that the bars are all members of one genetic group. Neither Wash- 
tucna Coulee nor Snake River received drainage from the Cordilleran 
ice-sheet during the Wisconsin glaciation—another indication that the 
group as a whole is a part of the Spokane record. 

The gravel in this district is disposed in large, low, rounded mounds 
from one to five miles across and as much as 100 feet high. These 
mounds are separated by wide swales which are not post-gravel erosional 
features. One of these broad, low gravel piles, lying northwest of Pasco, 
is 6 miles wide and more than 100 feet high at its southeast end. It is 


J H. Bretz: The Spokane Flood: A reply. Jour. of Geology, vol. 35, 1927, pp. 
461-468, 
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separated from higher land on the east by a swale two miles wide. This 
swale becomes narrower and shallower toward the north until it nearly 
disappears; but it is recognizable on the north side of the mound, with 
two closed depressions in it. Its gradient almost from the brink of the 
Columbia bluffs at the north end of the mound descends southeastward 
away from the river. This bar clearly is of the glacial Columbia. 

Another mound lies between Eltopia and Pasco. It is about eight miles 
long and 100 feet above the valleys on the east and west and the broad 
lowland on the south. This bar lies just south of the lowest scabland of 
Esquatzel Coulee.*® Indeed, it overlaps scabland, for buttes and knobs 
of basalt project through the gravel in the northern part of this bar. It 
may be conceived of as lying in the mouth of the Washtucna-Esquatzel 
glacial stream. The basal portion of that stream certainly divided at 
Eltopia, and the valleys on either side are the courses of the deeper 
channels. The main channel was on the west side. Gravel directly from 
the scabland, with only 1 per cent foreign material, is at least 30 feet 
deep at the head of the eastern channel. It is foreset-bedded in several 
different horizons, with eastward dip into the smaller channel. The floor 
of the western channel at the head of this bar is 25 feet lower than that 
of the eastern channel, yet this gravel was carried out of the main and 
lower route up into the smaller, shallower channel. Only ephemeral 
streams flow in either channel today. Erosion has hardly touched these 
topographic forms since they were made. 

Another broad, low gravel pile lies in the downstream angle between 
the Snake and the Columbia. It is more than 50 feet high on its eastern 
side, next to the abandoned channel which separates it from the higher 
land farther east. It is 70 per cent basalt. 

Throughout this entire group of bars all features are in harmony 
with the conception of three contemporaneous glacial streams of great 
depth, with large traction load of gravel, and with sufficient vigor to 
pluck protruding basaltic surfaces and to maintain channels among 
the bars. There is no evidence that the gravel is of different age in 
different parts. There is little possibility of explaining any of the 
mounds as due to dissection by the Columbia or Snake of a valley-train 
type of gravel fill. In this wide tract there are no good upper limits, 
but the waters were certainly well above 800 feet above tide. Though 
much of the tract carries a mantle of wind-blown sand and dunes are 
common, there are enough exposures to show that the larger relief is 
due to the mounding of stream gravel. The highest per cent of basalt 


19The abandoned preglacial valley of Palouse River is locally known as Washtucna 
Coulee east of Connell and as Esquatzel Coulee south of that town. 
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is found at the mouth of Esquatzel, whose drainage was essentially 
all on basalt. Both the Snake and the Columbia had plenty of earlier 
terrace gravel to be torn up by the glacial flood and mixed with the 
local débris.2° The rounding of basalt pebbles, which is greater than 
in the channel bars on the plateau, is to be expected. They have 
traveled farther. 

Scabland and their gravel deposits extend down the Columbia below 
the junction of the Snake, as far as Willamette Valley, west of the 
Cascade Range. This 200-mile stretch has not been studied in as 
much detail as has the plateau in eastern Washington. It possesses, 
however, more remarkable associations of scabland basalt and gravel 
bars than anything on the plateau. The writer realizes that the de- 
scriptions presented thus far in this paper may have passed the 
reader’s limit of credulity. Nevertheless, these features do exist and 
the descriptions will some day be verified. That other students of 
land forms critically examine the field is earnestly to be desired. 


BARS NEAR THE MOUTH OF UMATILLA RIVER 


The Snake and Yakima valleys converge to the Columbia, from the 
east and west respectively, because of a pronounced structural-topo- 
graphic ridge, the Horse Heaven Hills. The Columbia crosses this 
where the river and the Washington-Oregon boundary become one. 
About 20 miles farther down the stream, at the junction of Umatilla 
River from the Oregon side, the Columbia is in a large structural 
basin whose floor carries a heavy deposit of gravel (see figure 12). 
Like the structural basin north of the junction of the Snake River, it 
also has basaltic eminences projecting above this gravel, all of them 
with seabland. Emigrant Buttes, 10 miles up the Umatilla and 759 
feet above tide, earlier reported as without scabland, have low scabby 
ledges on the west edge of the highest summit, and a rubble of large 
angular basalt fragments lies on the west slope immediately below. 
Among these fragments on the relatively gentle slope are several angu- 
lar pieces of a porphyritic diorite which has been found in almost 
every scabland channel on the plateau, which occurs among the ice- 
rafted erratics northeast of Reardan, and which is present in Spokane 





” Indeed, large remnants of old terrace gravels are known south and west of Kenne- 
wick, 12 per cent basalt in their composition. The upper part is distinctly altered by 
weathering. Older gravel is also exposed in a pit four miles northeast of Pasco, 60 
per cent basalt, all pebbles well rounded, overlain by Spokane gravel, 90 per cent 
basalt, with subangularity very prominent in its pebbles. Foreign pebbles, however, 
are well worn. The absence of a weathered zone in the older gravel at this place 
is due to stripping of the upper part by the glacial stream. 
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Fievre 1 ProriLe VIEW oF THE ARLINGTON Bar 
Looking east. Columbia River to the left. Foreground shows the Columbia Valley 
slope on which the bar is built. Top of bar is 270 feet higher than the base and 400 
feet above the river. 














FIGURE 2 SECTION IN ‘THE ARLINGTON Bar 


south Stratification is parallel with the curvature of the surface of the 


Looking 
bar, except on west side, where foresets are steeper than the slope. 











Figure 3.—Trencnep Bar at BicGs STATION, OREGON 


Looking north into Columbia Valley. Crest line of bar, transverse to the tributary 
valley, is shown: also the back slope into that valley and the steeper slope of the 
trench. 
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gravel deposits 25 miles up the Snake from the mouth of Palouse 
River. 

Between Emigrant Buttes and Columbia River are four different 
areas of scabland, so definitely marked by knobs, basins, and rugged 
bare rock and so clearly associated with the gravel deposits of this tract 
that origin is a glacially swollen Columbia can hardly be gainsaid. 
The gravel just north of Emigrant Buttes constitutes a broad hill 
elongated toward the southwest, 750 feet above tide (the Columbia 
surface is a little above 250 feet above tide) and 100 feet above Four- 
mile Gap, the empty channel to the east. A section on the western 
slope shows 18 inches of dust over a bluish gray “bright” gravel that 
is 86 per cent basalt. Columbia River gravel at the mouth of Umatilla 
River is 23 per cent basalt. The structure in the broad, low hill is 
foreset in many layers with the dip southwest away from the Colum- 
bia and toward Emigrant Buttes. The broad summit surface of this 
hill is diversified with elongate smaller hills of gravel. They rise 
gently from the northeast along their axes and descend more steeply 
southwestward at their termini. Their profiles suggest drumlins, 
which, of course, they are not. They surely are aggradational piles of 
gravel. There is no possibility of interpreting them as erosional rem- 
nants. They are simply bar flutings on the larger accumulation. 
This thick gravel mantle is wholly unterraced; it is traceable con- 
tinuously from the belt of scabland south of the Columbia bluffs, at 
about 500 feet above tide, to its maximum altitude of 750. .Two small 
areas of well-marked scabland project slightly above its western slopes. 

Another and smaller bar of this character lies near the Columbia 
and a little west of the main mass of this bar. Umatilla Butte, which 
is well-marked, rises through the smaller bar. Still another bar, 
larger than either of these, lies west of Umatilla River, elongated 
northeast-southwest, and with a steep lee slope on the northwest side. 
Indeed, from Umatilla westward along the Columbia for seven miles 
the gravel of this lowland constitutes a conspicuous bluff, utterly 
without ravines or gullies, but marked by a succession of parallel 
longitudinal flutings, a series of ridges along the face of the bluff, 
each higher than the one to the north. Even larger and more striking 
longitudinal flutings in heavy gravel deposits are shown by the con- 
tours on the north side of the Columbia here. They lie to the lee of 
Sillusi Butte, a marked scabland form. Can these flutings be ex- 
plained by any conception other than that of bars? 

A few pits show fresh loose gravel beneath the wind-blown sand, 
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88 to 96 per cent basalt and local limestone.*t The limestone pebbles 
and cobbles fall apart soon after excavation. A significant feature in 
one of these exposures is that about half of the basalt content consists 
of firm, unweathered, well-rolled pebbles and half of angular decayed 
fragments. This feature is duplicated in many other exposures 
throughout the plateau. 


THE ARLINGTON BAR 


Columbia River leaves the structural, bar-covered valley about 40 
miles west of Umatilla and flows through a canyoned course for an- 
other 40 to 50 miles. In this part of its valley are numerous deeply 
trenched tributary canyons, two of them of major rank. Deposits of 
fresh, dominantly little worn basalt gravel occur at various altitudes in 
this canyoned portion. If they are remnants left by dissection of a 
once complete fill, they should be most extensive between the tributary 
mouths, not in them. If they are original deposits left by a very great 
flood and individually determined by local conditions, tributary 
mouths would be logical places for them. 

A mile and a half east of Arlington, along the Columbia River 
Highway, is a large gravel mound lying on the valley wall. The 
mound is essentially an ellipsoidal segment of one base, the base being 
the 10 degree slope of the valley wall (see figure 1, plate 21). The slopes 
of the mound start at the upper edge at almost zero and, traced downhill 
through diverging directions, steepen consistently to a maximum of 
27 degrees at the lowest edge. The height from the lowest edge to the 
highest is 270 feet. The river is 130 feet below the lowest edge. 

A large pit in the lower part, just above the Columbia River High- 
way, shows the structure excellently (see figure 2, plate 21). The bedding 
conforms to the curved surface. There is no perspective error in- 
volved; the profile is curved and the stratification is curved. On the 
west (downstream) side the bedding contains short foresets which 
are steeper than the profile. The gravel is 99 per cent basalt and 
soft limestone, perhaps 20 per cent limestone. A large percentage of 
the basalt is subangular to nearly. completely angular. Columbia 
River gravel directly below this bar is only 20 per cent basalt and has 
no limestone pebbles. 

The large content of the basalt fragments, its unworn character, 
and the presence of much soft limestone, all indicate local derivation 


"2 One pit, at Messner, has only 20 per cent basalt in a clean, somewhat indurated 
gravel with well-rolled pebbles. This is so similar to the older gravels near Kenne- 
wick and Pasco and in the Snake above the entrance of the flood that the explanation 
is apparent. 
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and very little travel. The form, structure, and location of the de- 
posit are inexplicable by any other interpretation than the one used 
here. It is a very large side-channel river bar. Allowing 30 feet of water 
over the top of the bar, Columbia River was at least 300 feet deep 
when this bar was built. Assuming, also, that the valley had its 
present depth, the river was more than 400 feet deep, and it had a 
vigorous current. 


BAR IN JONES CANYON 


A shoulder bar, like a great embankment, projects westward from the 
upstream angle between Columbia Valley and Jones Canyon, a mile and 
a half west of Arlington. It originally completely blocked the mouth of 
this tributary. The deposit extends from 250 above tide (about 50 feet 
above the Columbia) to 670 feet above tide, a total height of 420 feet. 
The convex profiles are unlike anything in land forms sculptured from 
the Columbia basalt or the overlying gravel formation (commonly known 
as the “Dalles” formation), which is prominent from Arlington to The 
Dalles. The bar is compound, the larger, higher part not reaching out 
notably into Jones Canyon, but overlying a basalt ledge at this altitude. 
The lower part is twofold, the wider lobe being farther up Jones Canyon 
than the narrower, but both lobes originally completely filling the lower 
half mile of the canyon up to 400 feet above tide. This means a dam 
half a mile wide and nearly 150 feet deep. 

The great embankment has been trenched through, the stream hug- 
ging the western wall of the preglacial tributary valley, but nevertheless 
leaving large portions of the fill on the west side. In trenching, the 
stream has been superimposed in one place on a basalt ledge and has 
cut a small gulch in it about 18 feet deep. The constructional slopes 
of the bar are strikingly different from the slopes made by the trenching. 
The steepest bar slope, 23' degrees, is on the back side, facing Jones 
Canyon. The trench slopes are between 30 and 37 degrees. Upstream 
from the trench the floor of Jones Canyon is wide and flat and has ter- 
races 30 to 50 feet high. 

The material of the bar is not well displayed. A few gullies in the 
lower part show that it is mostly basaltic rubble of cobble and boulder 
dimensions. More than 99 per cent by volume is basalt and at least 
80 per cent by number of fragments is basalt. Dense green siliceous 
pebbles, so characteristic of “The Dalles” gravel, and pebbles of holo- 
crystallines, abundant in Columbia River gravel, but not found in the 
overlying gravel formation, are both present. There are very few lime- 
stone fragments. 
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The Jones Canyon bar is the greatest feature of its class yet described, 
Its form is splendidly preserved. Its relations to older and younger 
topographic slopes are very clear. Its composition is typical. A visitor 
should go up the secondary road just west of the mouth of the canyon, 
From this road the full height, the dependence from basalt ledges, the 
blocking of Jones Canyon, and the postglacial trenching are diagram- 


matically clear. 
“THE NARROWS” 


Probably the most remarkable unit record of the Spokane Flood yet 
known lies one to two miles south of Columbia River, on the west edge 
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FiGgurE 13.—Sketch Map of “The Narrows” and Vicinity 


of the Arlington sheet. Unfortunately, an important part of it lies just 
off the map and the scale and contour interval are inadequate to show 
the mapped portion well. 

John Day River, in a canyon 700 to 800 feet deep, approaches Colum- 
bia River from the south at an angle of 70 degrees until less than two 
miles distant. At this point the course of the Columbia’s canyon swings 
essentially parallel to that of the John Day and the two canyons continue 
side by side separated by a narrow divide 900 to 1,000 feet above the 
Columbia, for nine miles farther down the stream (see figure 13). The 
upland back from the precipitous basalt walls of both canyons is deeply 
covered with “The Dalles” formation. Its surface is entirely in the 
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smooth-flowing slopes of maturity, the appearance being very similar 
to the mature topography of the plateau in Washington. This mature 
topography ranges from about 1,000 feet above tide to the summit, 1,200 
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Figure 14.—Part of Arlington, Oregon-Washington, Sheet, showing Vicinity of 
“The Narrows” 


feet, in this district. Below it are the steeper slopes and the cliffs of the 
two canyons and their tributaries. The narrow divide between the can- 
yons carries this rolling topography on its summit also. 
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Almost bisecting the 70-degree angle between John Day River and 
Columbia River is a small tributary, only six miles long. It turns north- 
ward and enters the Columbia at the eastern base of the narrow divide, 
descending 950 feet in its total length, 550 of this in the last mile (see 
figure 14). There is an equally short distance and almost equally steep 
grade to the John Day at this northward turn in the tributary. 

In the mouth of the canyoned lower mile of this tributary and on the 
east side is a bar whose symmetry is almost ideal and whose magnitude 
equals that of the Jones Canyon bar (see figures 1 and 2, plate 22). The 
base of this bar is 300 feet above tide, a little more than 100 feet above the 
Columbia. The summit is 700 feet above tide, 400 feet higher. It 
is all one simple constructional form. The elongate summit stands out 
from the east side of the canyon, parallel with it, and separated from 
it by a fosse about 30 feet deep. The total length of the bar is about 
half a mile. 

Above and back of the bar the tributary valley floor is largely on rock, 
although there has been some filling here. The tributary now spills to 
the Columbia over a rock lip on the west side of its canyon. It has been 
forced over here by the presence of the bar. The tributary valley floor 
back of the bar, however, has some other features that are utterly as- 
tounding. The low place, or col, in the base of the divide spur, shown 
on the Arlington sheet, is amazingly wild scabland (figure 2, plate 23). 
The basalt has been channeled over a vertical range of 200 feet. There 
. are cliffs 100 feet high, a maze of rock basins, vertically walled castel- 
lated buttes, a great cascade chute descending to the John Day Canyon, 
and a huge mid-channel butte whose summit flat is half a mile long, a 
quarter of a mile wide, 950 feet above tide, 100 feet above the eastern 
part of the channel and 200 feet above the northern part (figure 14). 
Its summit is swept clean of “The Dalles” gravel and roughened with 
bare basalt knobs 5 to 20 feet high. 

The cascade chute in the northern channel descends from 750 to 
about 500 feet above tide down the wall of John Day Canyon. At its 
terminus is an enormous bar, in John Day Canyon, nearly a mile long, 
approximately half as high as the canyon is deep, approximately as high 
as the head of the cascade chute. On the side toward John Day River 
this bar presents an unbroken, unfurrowed front so steep that “trickles” 
of loose gravel are visible from a distance of a mile. This slope reaches 
essentially to river level, about 400 feet below the crest. The elongate 
crest of the bar is at right angles to the course of the cascade chute. It 
is not level; it is highest near the middle and descends in beautiful 
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Ficure 1.—Bar oN THE COLUMBIA END OF “THE NARROWS” 


Looking southeast. View from near bottom of valley and camera tilted considerably. 
Crest of bar is 400 feet above its base. Photograph by L. C. Robinson. 














Ficcure 2.—Bar oN THE COLUMBIA END OF “THE NARROWS” 

Looking northeast. Isolated crag above highest point of bar is the one on the sky- 
line in figure 1. Note fosse east of the bar and scarp in Dalles formation above highest 
scabland in the background. Full length of valleyward slope of bar not shown. Sum 
mit of bar is 250 feet below the observer. Photograph by L. C. Robinson. 


COLUMBIA BAR AT THE NARROWS 
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Figure 1.—Upper Limit or “Tur Narrows” DIVERGENCE 





West side of the notch, looking north into Columbia Valley. Seabland about 750 
feet above the river. Secarp in Dalles gravel 150 feet high and& with 35-degree slope. 
Photograph by L. C. Robinson, 

















FIGURE 2.—ScCABLAND oF “THE Narrows” 


About 100 feet below the scabland shown in figure 1. Irregularity of the small buttes 
und basins well shown. Photograph by L. C. Robinson. 


SCABLAND OF THE NARROWS 
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curves toward both termini. In transverse profile the central higher 
part has the steep lee slope toward the John Day, descending from the 
very summit, but near both termini the summit slope descends gently 
for some distance past the crest before breaking off in the steep lee face. 

This bar is limited to the mouth of the north channel canyon. The 
south channel, without a cascade chute, has a bar at its mouth, but it. 
lies at the bottom of the 450-foot cliff, spread out on the floor of John 
Day Canyon, not built up in a great heap. The John Day has been 
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Figure 15.—Block Diagram of “The Narrows” and Vicinity 
Drawn by J. R. Van Pelt, Jr. 


pushed out of its normal looping course and back on to an abandoned 
slip-off slope by this bar. For a mile and a half down the John Day 
Valley below these bars there are fragmentary terraces of fresh basaltic 
gravel 40 feet and more above the stream. 

The flowing contours of maturity developed in “The Dalles” gravel 
mark the entire region here above 950 feet, except where facing this 
wonderfully displayed scabland spillway. Here the old gravel stands 
in 25 to 30-degree scarps 100 to 150 feet high. In relation to older 
topography and to scabland at their base, they are identical with those 
on the plateau in Washington. 
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This truly remarkable group of features is known locally as “The 
Narrows.” Seen from a viewpoint five miles to the west, on the plateau, 
“The Narrows” appear as a very definite black, jagged notch, subtend- 
ing about 10 degrees of a horizon which elsewhere shows only the smooth 
flowing slopes of the mature upland topography. 

Summarizing, “The Narrows” presents the features and , demands 
the direct conclusions listed below: 

1. A channeled scabland canyon, two miles long and less than a mile 
wide, cut as a notch across the summit of the divide between the Colum- 
bia and John Day rivers, nine miles above the junction of the two 
streams. 

2. Gravel scarps, aligned along this scabland and 150 feet high, wholly 
unlike any other topographic slopes in the formation. 

3. The eroding stream which crossed the divide, leaving Columbia 
Canyon and entering John Day Canyon. 

4. A deposit by Columbia River waters just before entering the chan- 
neled scabland, lying inside the curve of the diverging current from 
the Columbia, 400 feet thick, but its summit 50 feet below the floor of 
the col. 

5. Deposits made at the debouchure of the two channels from the 
floor of the notch over into John Day Canyon, one of them a nearly 
perfect bar form 400 feet thick. 

6. The topographic forms, both erosional and depositional, wholly 
different from other land forms in John Day Canyon, both upstream 
and downstream as far as the eye can see. 

7. The upper limit of the eroding stream at least 950 feet above tide, 
750 feet above the Columbia and 650 feet above the John Day. 

8. The floor of this channel canyon 550 feet above the present level 
of the Columbia. 

9. The erosion performed by plucking, leaving vertical cliffs and rock 
basins. 

10. Surface of the stream certainly not descending with the slope of 
the cascade chute; water surely over the top of the great bar in John 
Day Canyon, 400 feet above the present level. 

11. John Day Canyon above the entrance of this divergence without 
any suggestion of such conditions farther upstream, yet its bottom now 
partially clogged with the bar débris; hence as deep then as now; hence 
the Columbia Canyon as deep then as now. 

12. Water in Columbia Canyon, then 750 feet deep when the upper 
limit was reached. 
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Figure 1.-—Bar ar FAIRBANKS STATION, OREGON 
Looking west, down Fifteen-mile Valley. Slopes on left and extreme right (skyline) 
and flat in foreground constitute the profile of the preglacial valley. Into this the bar 
projects from the north, nearly closing the valley. tar top is 200 feet above the valley 


floor. 











Figure 2.—-Bar NEAR MOSIER, OREGON 
Looking eastward The bar is a side-hill mound built on the older slope. Only the 
frontal slopes of the bar are shown Viewpoint is too low to show the top and the 
channel back of it. 











FIGURE 3 SeeTion IN Bak west or Rocky Berre, PorTLanp, OreGowx 


rhe pit is 60 feet deep. Forest bedding dips southward and southeastward. Channel 
around south end of Rocky Butte on the right in the background. 


BARS AT FAIRBANKS STATION, MOSIER, AND ROCKY BUTTE 
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13. Yet the surface of this enormously deep river descending suffi- 
ciently in nine miles to allow “The Narrows” divergence enough gradient 
to erode the striking forms now exhibited. 

The explanation of this extraordinary group of scabland features— 
scarps, channel canyons, bars—so utterly unlike anything about them, 
will never be found in the events which produced John Day Canyon, 
Columbia Canyon, or any of the smaller valleys of the region. The 
group is aberrant, abnormal, almost impossible. The writer antici- 
pates that some readers have by now decided that the observation must 
be in error. If correctly observed and reported, the group records 
aberrant, abnormal, almost impossible conditions. And there is only 
one combination of such almost impossibly abnormal conditions which, 
the writer believes, will explain it. There was a Spokane flood. 


BARS AT BIGGS AND RUFUS STATIONS 


Deposits of basaltic gravel and rubble in mouths of tributary gulches 
and on the irregular canyon walls are abundant in the vicinity of these 
stations. At Biggs Station (altitude 169 feet above tide) two bars 
are in view from the highway. The west one is not conspicuous when 
seen from below. It extends up to 550 feet above tide. Associated 
scabland knobs are identifiable up to 680 feet above tide. The water 
probably was higher, but the topographic evidence is not very definite 
here. The bar has 92 per cent basalt; most of the pebbles angular or 
subangular, though the foreign pebbles are well rolled. Columbia River 
gravel at Biggs has 50 per cent basalt. Foreset bedding in the bar is 
prominent and the dip is toward the wall, away from the open Columbia 
Valley. : 

The larger bar at Biggs lies in the mouth of a deep tributary valley, 
the one followed by the branch railroad to Shaniko. It is a fine embank- 
ment thrown eastward into the creek valley, thus pointing up the Colum- 
bia. Its summit is 520 feet above tide. The creek has cut away its 
terminus and if it ever completely crossed the valley the evidence has 
been destroyed. Figure 3, plate 21, shows the back slope toward the 
creek and a portion of a heavy veneer bar still farther up the valley. 

At Rufus (altitude, 179 feet above tide) there are also two bars. One 
lies back in the mouth of the eastern of two gulches which enter here, 
on the west wall of this gulch and 560 feet above tide. The other is 
plainly seen from the station and is a very good example of a bar em- 


2 This can be checked easily. There is a good road up from Quinton, on the Colum- 
bia River Highway. An hour will be adequate to see the entire group and to make 
most of the measurements. 
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bankment built completely across the canyon mouth. It has been 
trenched near mid-length, but both termini are well preserved. The 
trench through it is 300 feet deep, all in the typical basalt waste of these 
features. The summit altitude is 665 feet above tide. The former 
existence of a complete barrier across a tributary mouth is more plainly 
seen here than at any other place known in the region. 


BAR IN THE MOUTH OF DES CHUTES CANYON 


A large bar lies in the mouth of this valley, against the west wall. 
Its base is 165 feet above tide, essentially at river level, and its rather 
flat summit is 455 feet above tide—a total thickness of 290 feet. There 
are several good exposures in recent gullies. They tell the familiar 
story of dominantly little-worn basalt material torn off the scabland 
walls. The bar is not conspicuous, for its slopes are not characteristic 
and it has several rocky knobs protruding through it. It probably is 
a shallow affair deposited on a rugged slope and not completely burying 
that slope. 


BARS IN THE VALLEY OF FIFTEEN-MILE CREEK 


This creek enters the Columbia about 5 miles east of The Dalles. 
Its course for 8 to 10 miles above its entrance is similar to that of John 
Day River—closely paralleling the Columbia, only a mile or two dis- 
tant and with a high ridge between the two. In similar fashion, also, 
the flooded Columbia broke across the narrow divide, in this case in two 
places, and poured the débris eroded from the notches back into the 
tributary valley. The two bars thus built are at Petersburg and at 
Fairbanks (see figure 16). The Fairbanks bar and noteh will be de- 
scribed. 

Fifteen-mile Creek is one of the larger creeks of the extreme western 
part of the plateau, having a drainage area of about 240 square miles. 
It has a valley flat for much of its lower length, that flat being a quarter 
of a mile wide just east of Fairbanks. Immediately west of this station, 
however, the valley flat disappears and the creek enters a short, narrow 
valley close to the southern slopes, walled with a gravel cliff 150 feet 
high on the north and with lower basalt cliffs on the south. There are 
no basalt cliffs elsewhere in the vicinity. 

This gravel cliff is stream-cut in the southern terminus of a great dam, 
or almost a dam, that projects out from the northern wall of the valley. 
lis total height is 200 feet above the valley flat. Its structure, exposed 
in a railroad cut, consists of long foresets, like those of a delta. They 
dip southeastward up Fifteen-mile Creek, parallel with the slope of the 
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deposit. The surface of the gravel deposit has broad flutings and mound- 
ings on it. It is not a delta top, though in form the entire deposit looks 
like a delta. 

The material of the deposit is 84 per cent basalt, the cobbles and 
boulders all of basalt. The nonbasalt pebbles are the typical materials 
of “The Dalles” gravel formation; not a true granular quartzite, not a 
granite, hardly a holocrystalline found. Columbia River gravel has 
plenty of granite and granular quartzite. 

At the north end of this huge pile in Fifteen-mile Valley 1s a splen- 
did clean-cut notch through the divide, leading south from the upper- 
most scabland Jedges which overlook the Columbia. Its scarps in “The 
Dalles” gravel are 200 feet high. There is a closed basin in the bottom 
of the notch 40 feet lower than the channel head and 20 feet lower than 
the gravel deposit at the mouth. Scabland of the Columbia ledges ex- 
tends a little way into the notch. 

A road from Fairbanks Station traverses the notch and extends along 
the uppermost ledge of basalt eastward to the mouth of the Des Chutes. 
The ledge is 500 to 1,000 feet wide and most of it is very good scabland, 
with buttes, rock basins, gravel mounds, and mound-inclosed basins, 
all ranging through an immediate relief of 30 to 40 feet. The south 
edge of this rock terrace is margined by cliffs of “The Dalles” gravel, 
which stand 75 to 100 feet high, with 30 to 35-degree slopes, as good 
an old river bank as anything in the loess scarps of the plateau. The 
base of these scarps two miles east of the notch is approximately 730 
feet above tide, nearly 600 feet above the Columbia. The channel floor 
leading to the Fairbanks bar is 660 feet above tide and the top of the 
bar is but little lower. 

Only about half of the 200-foot depth of the notch was cut by the 
glacial stream. A preglacial saddle existed here, deep enough to con- 
tain the glacial spill soythward and to prevent it from entering the head 
of a small south-flowing tributary of Fifteen-mile Creek just west of the 
bar. Had the surface of the glacial flood been up to 760 here, this tribu- 
tary head would have been entered. 

Not much of the débris of the Fairbanks bar could have come from the 
erosion of this channel notch. The volume of the deposit much exceeds 
the prism removed in making the notch. Most of the bar material must 
have been swept into the divergence from the basalt ledge and its gravel 


scarps. 

There is no need to organize the argument from the Fairbanks notch 
and bar. Except for numerical values, it is essentially the same as that 
for “The Narrows.” For water to pour through this notch from the 
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Columbia, as it assuredly did, the level in the Columbia must have been 
up to 700 feet above tide at least. For this deltaic bar to have been 
built on the flood plain of Fifteen-mile Creek, the tributary must have 
been essentially as deep as now. The main valley, therefore, was equally 
deep and the flood in Columbia Valley north of Fairbanks was at least 
600 feet deep. 

Another bar in the valley of Fifteen-mile Creek lies a little east of 
Petersburg, or about five miles farther down the valley. Its frontal 
slope has an inclination of 34 degrees and extends about a mile along 
the valley. Three pits in it all show south-dipping deltaic foresets. Its 
material is 86 per cent basalt. Cobbles and boulders are far more abun- 
dant here than in the Fairbanks bar and are all of basalt. The height 
of the frontal slope probably does not exceed 100 feet. The Petersburg 
bar was examined only along the road and can not yet supply infor- 
mation on the upper limits of the Spokane flood. It may be the result 
of a complete oversweeping of the western terminus of the divide. 


THE MOSIER BAR 


The last bar to be described in this paper, except the Portland Delta 
and its barlike features, lies on the east side of Mosier Creek Valley, 
near the mouth. The town of Mosier, at the mouth, is about 15 miles 
west of The Dalles and in the folded Cascade Range. The creek valley 
is incised approximately in the floor of a syncline, which, like those 
farther east on the plateau, is a topographic as well as a structural fea- 
ture. The lower height of cliffs margining the Columbia near Mosier 
is due to the syncline. They were low enough to allow flood water to 
spill back across the upstream angle between the river and the creek, and 
to build a bar on the creek valley wall. 

The mounded form of the deposit is definite (see figure 2, plate 24). 
The frontal slope is 28 degrees and in the exposures is paralleled by long 
foresets. The bar is lobed and some foresets, therefore, dip up Mosier 
Creek Valley and some down. Ninety per cent of the débris is basalt. 
A feature not found in any bars thus far described is the notable amount 
of decay in the worn cobbles and pebbles. The alteration clearly oc- 
curred after the pebbles were formed, and hence is not the same thing 
as that noted near the mouth of Umatilla River; yet the alteration 
clearly preceded the building of the bar, for the finer material is com- 
posed largely of angular chips of weathered rock broken from the de- 
cayed cobbles in transit, and pebbles of fresh basalt are scattered here 
and there through the deposit. This feature becomes explicable when 
the summit of the basalt shoulder between the Columbia and Mosier 
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Creek is examined. It carries the old gravel, called “Satsop” by Wil- 
liams ** and by the writer,** but recently rechristened the Hood River 
cormation by J. P. Buwalda.*® Most of the constituents of this deposit 
are considerably decayed and in this condition were torn out and thrown 
over the brink of Mosier Creek Vailey in the building of this bar. The 
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igure 17.—Sketch Map of the Portland Delta, Oregon-Washington 
Contours generalized from the Vortland, Oregon City, Boring, and Troutdale sheets 
of the United States Geological Survey. For the sake of graphic portrayal, culture and 
drainage are omitted. Scale is indicated and cultural features may be located by the 


township corners, 


“Tra A. Williams: The Columbia River gorge. Mineral Resources of Oregon, vol. 2, 
no. 3, 1916. : 

“J. UH. Bretz: The Satsop formation of Oregon and Washington. Journal of Ge- 
ology, vol. 35, 1917, p. 446. 

*=J. P. Buwalda: Age of the “Satsop” and The Dalles formations of Oregon and 
Washington. Science, vol. 66, 1927, p. 236. 
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bar is 250 feet high. Its summit is 470 feet above tide, about 375 feet 
above the Columbia. 


THE PorRTLAND DELTA 


This feature has already been briefly described by the writer in two 
previous papers.** Revised interpretations contained in the later paper 
considered the delta to be wholly a subfluvial deposit. This conclusion 
seems amply sustained by more recent study. 

The delta (figure 17) consists really of two groups of large bars 
separated by Columbia River. The highest bars stand 350 feet above 
the Columbia. The broad channel ‘of the river between the two parts 
of the delta is here interpreted as essentially the Spokane Flood channel, 
not as a product of later dissection. Two prominent abandoned chan- 
nels, each about 100 feet deep, lie on the delta top, their floors about 
200 feet above the present river surface. Several rock islands stand 
in the deposit and their presence greatly influenced the growth of the 
bars. 

There are four prominent bars on the Oregon part of the Portland 
Delta. One is in the lee of a high rock shoulder (Chamberlain Hill) at 
the head of the delta, one lies in the extreme southern lobe of the delta, 
in the mouth of Willamette River Valley, one is upstream from a group 
of three rock hills standing well out in the delta, and one extends nine 
miles westward, in the lee of the northernmost of these three hills. A 
study of figure 17 and the four topographic maps which portray the 
Oregon portion of the delta will promptly show how hopeless is any 
attempt to explain the surface contours of this deposit by the hypothesis 
of post-depositional stream erosion. The gravel is so porous that only 
a very few streamways have developed. All streams from higher land 
to the south avoid the delta, the most conspicuous case being the one 
which skirts the southern edge (Johnson Creek). The only prominent 
marks of running water on the deposit are those left by the great 
glacial river, and their pattern is largely controlled by the rock islands. 

Hundreds of exposures of the delta material have been examined, not 
one of which fails to show foreset bedding. In most of them the only 
structures present are foreset. No topsets have been found. The di- 
rection of foreset plunge varies exactly as it should by the favored 
hypothesis. The easternmost bar is an eddy deposit, the southernmost 
bar was built southward into open standing water, and the fourth bar 


*J. H. Bretz: The Late Pleistocene Submergence in the Columbia Valley of Oregon 
and Washington. Journal of Geology, vol. 27, 1918, p. 489. 

J. H. Bretz: The Spokane Flood beyond the channeled scablands. Journal of Geology, 
Vol. 33, 1925, pp. 97-115 and 236-259. 
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enumerated has a remarkable structure that admits of but one interpre- 
tation. It has a gentle northward slope toward the Columbia and a steep 
southern slope away from this deep main channel. The steep slope is 
better shown by the 25-foot contour interval of the Portland sheet. 
Everywhere in this slope the foresets dip directly transverse to the 
length of the bar and directly away from the Columbia in the main 
channel. Indeed, close to the southern end of the rocky hill which de- 
termined the location of this bar (Rocky Butte) the foresets dip south- 
east as well as south, toward a closed depression at the foot of the lee 
slope (see figure 3, plate 24). A pit here, 60 feet deep, shows this very 
well. The gentle northward slope of this bar was the subfluvial upgrade 
of this part of the glacial river bed and its steep southward slope was the 
lee face, the growing face. 

Fully as remarkable a feature is the relation to this rock hill of the 
broad bar which lies upstream. A deep fosse separates them. The hill 
was more exposed than any other to the glacial river current and a 
huge upstream eddy maintained the fosse. Water deflected southward 
was divided into two strands around another rock hill (Mount Tabor). 
The summit of the bar nearest the hill was shaped by the deflected cur- 
rent and directed southward, transverse to the general downstream di- 
rection. Foreset beds support this topographic interpretation of the 
course of bottom currents. The elongated depression between the lee 
bar of Rocky Butte and the deflected current around the south end of 
the butte is not a true channel. It has resulted from southward growth 
of the bar over onto earlier slopes of the delta. 

The riverward slope of the Oregon portions of the delta carries almost 
no gullies or ravines. Instead, it is diversified almost exactly as is the 
similar riverward face of the great gravel deposit west of Umatilla. 
There are linear ridges and troughs transverse to the direction of the 
slope and successively higher southward. They are minor bar flutings. 

The composition of the delta in Oregon varies with location. A 
large part of the underlying material is the Satsop gravel formation, 
and the higher land south of the eddy bar in the eastern part of the 
delta is on Satsop. Much débris in this part of the delta came from 
the underlying older gravel. Such pebbles and cobbles are decayed 
throughout and crack spheroidally with ease. Many are already 
checked on the outside, ready to fall apart at a blow. They have not 
decayed in place, as shown by the freshness of much associated basal- 
tic débris and the slight staining of the deposit as a whole. This con-. 
dition of the deposit is identical with that in the Mosier bar. In most 
places in the Portland Delta in both Oregon and Washington there is 
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an upper zone of iron-stained material about four feet thick. Basalt 
pebbles with thin grayish decayed rinds, but with glistening black 
cores, are found as deep as six feet. At greater depths the non-Satsop 
material is apparently as fresh as when deposited. The material at all 
altitudes in the gentle northward slope of the lee bar of Rocky Butte 
shows the typical alteration of Portland Delta gravel.*? There is per- 
haps a greater depth of iron oxide staining in the lower slopes, but 
the gravel certainly is not Satsop in age and it surely is not postdelta. 
This slope is original with the deposit. 

The Washington portion of the delta has a slightly larger area. 
On it occur one great bar about 12 miles long, numerous prominent 
bars a quarter of a mile to a mile and a half long, and hundreds of 
minor ridges. The great bar lies in the lee of the large rock hill 
(Prune Hill) near the head of the delta and extends northwestward 
between the main channel and the large abandoned channel which bisects 
this portion of the delta. It descends throughout its length from 
more than 300 feet to 200 feet above tide. The smaller bars that show 
on the map lie in the angle between two distributary courses of the 
abandoned channel in the northwest part of the delta. Some of them 
are as high as the great bar. As pointed out in a previous paper,” 
these bars are very curious features that look more like prominent 
eskers than anything else. The foreset bedding in the only bar ade- 
quately sectioned is essentially transverse to the length of the bar and 
dips northward. The sags among the bars contain swamps and lake- 
lets. These bars were built up where they stand. If erosional in any 
part, that erosion was not by post-Spokane run-off. 

The minor bars, too small and far too numerous to show on the map, 
literally cover the flattish surfaces of the delta between the two dis- 
tributary courses noted. With only very minor exceptions, there is not 
a slope on this part of the delta that is not bar-determined. The pre- 
vailing orientation of these is northwest-southeast. Many of the as- 
sociated minor sags are closed depressions. 

There is a gentle eastward descent of the surface of the delta close 
to the higher land on the east. Streams entering from this higher 
land avoid the delta as they do in Oregon. There are only three 
stream-eroded valleys more than a mile long in the Washington part 
of the delta. Salmon Creek, north of the delta as mapped, apparently 





27 Because of greater rainfall west of the Cascade Range than east of it, the Port- 
land Delta gravel is more decayed than the bar deposits on the plateau. 

%J H. Bretz: The Spokane flood beyond the channeled scablands. Journal of Ge- 
ology, vol 33, 1925, pp. 97-115, 236-259. 
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has no recognizable portions of this deposit north of it. The plain 
lying farther north (not shown in figure 17) is underlain by the 
Satsop formation, whose gravel is decayed to depths as great as 50 
feet. It carries a silt cover with a known maximum of 20 feet which 
may be contemporaneous with the delta building. As in the Wil- 
lamette Valley south of the Oregon part of the delta, the characteristie 
topography, structure, and composition ends with the limits shown, 
There is a gradation northward from gravel to sand in the Washington 
portions of the delta. 

The Satsop formation underlies most of the delta north of the river 
and outcrops extensively at the mouth of the gorge, just above the 
delta. Similar to the situation on the Oregon side, the bars nearest 
the head of the delta have the mingling of old weathered pebbles and 
fresh bright pebbles of the same kind of rocks. This is true through a 
vertical range of 100 feet in these bars. In one exposure a boulder of 
the partially indurated Satsop two feet long is inclosed in the foreset 
delta gravel. The boulder has an abundance of quartzite pebbles 
characteristic of the Satsop and far more than in the delta material, 
and its matrix and basaltic pebbles are much more decayed. It could 
not have traveled far. 

The upper limit of water over the Portland Delta is not definitely 
known. The highest bars in both Washington and Oregon reach a 
little above 350 feet above tide. The water was over them. But a 
saddle between Little Washougal River and a tributary of Lacamas 
Creek, 450 feet above tide, was not crossed. This, if used, would have 
been a direct route toward the northern edge of the delta. No lower 
saddles are known by which water could have escaped northward. No 
notches like those leading out of the Columbia to John Day River 
and to Fifteen-mile Creek have been found. The upper limit was 
somewhat above the highest bars, but not 100 feet above. 


CONCLUSION 


As stated in the introduction, the purpose of this paper is to show 
that the gravel deposits of channeled scabland are not interpretable as 
ordinary valley fill: and that, if they be interpreted as bars, very great 
streams must be dealt with and only one episode can be granted. The 
local origin of the débris has been pointed out repeatedly. The incor- 
poration of decayed material into otherwise fresh material has been 
indicated. The presence of soft, almost incoherent, rock fragments 
in the deposits has been mentioned. The existence of clearly defined 
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spillways out of preglacial valleys has been described. The meaning 
of these facts, when considered with the unique topographic forms, 
is obvious. 

This paper covers only the more significant bar deposits of the re- 
gion. ‘There are slack-water deposits yet to be described; there are 
inter-relations among the channels to be set forth. There is an extraor- 
dinary relation between .loessial scarps and the preglacial valley 
depths, only touched upon here, and an extraordinary limitation of 
these scarps to a definite niveau. There are new data concerning the 
glaciated plain north of the plateau scablands. There are significant 
items concerning the mechanics of erosion of basalt, and an adequate 
interpretation of the ensemble is still to be drawn up. The writer has 
not yet adjusted all items to a sequential series of events and has no 
satisfactory explanation for the cause of the hypothecated flood, but 
the argument for the hypothesis is not yet closed. 

Ideas without precedent are generally looked on with Cisfavor and 
men are shocked if their conceptions of an orderly world are chal- 
lenged. A hypothesis earnestly defended begets emotional reaction 
which may cloud the protagonist’s view, but if such hypotheses out- 
rage prevailing modes of thought the view of antagonists may also be- 
come fogged. 

On the other hand, geology is plagued with extravagant ideas which 
spring from faulty observation and misinterpretation. They are worse 
than “outrageous hypotheses,” for they lead nowhere. The writer’s 
Spokane Flood hypothesis may belong to the latter class, but it can not 
be placed there unless errors of observation and direct inference are 
demonstrated. The writer insists that until then it should not be judged 
by the principles applicable to valley formation, for the scabland phe- 
nomena are the product of river channel mechanics. If this is in error, 
inherent disharmonies should establish the fact, and without adequate 
acquaintance with the region, this is the logical field for critics. 
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INTRODUCTION 


Since the time of the Cesars “something new” has ever been coming 
“out of Africa.” Nowadays geologists are there finding novelties, im. 
pressive, even spectacular, and each one thought-provoking. The Great 
Rift and volcanoes of the east, the Atlas structures of the north, the 
igneous rocks of the west, the remarkable copper deposits of Katanga 
in the center, and in the south the Rhodesian “Great Dike,” the clear 
evidences of Carboniferous glaciation, the unexcelled display of dolerite 
sills, the unique Vredefort dome, the dominating gold and diamond 
mines, the recent demonstration of widespread platinum-bearing rocks— 
all these and many other newer discoveries in Africa are affecting the 
very foundations of general and economic geology. Not the least of the 
finds is the amazing body of-igneous rocks called the Bushveld Com- 
plex, in the Transvaal. Molengraaff, Henderson, Kynaston, Mellor, 
Humphrey, Hall, Wagner, and du Toit have published the results 
of study of the complex, and these pioneers have already established its 
principal features. Yet many of their writings are not readily accessible 
to geologists outside of South Africa, and the majesty of the Bushveld 
Complex, with its many problems, still needs advertisement throughout 
the geological profession. The following paper is intended to spread 
the news about this, one of the truly great discoveries of igneous geology. 
A second purpose is to offer a contribution to the quantitative chemical 
side of future discussion about the Complex—a discussion which is 
clearly due to continue for many more decades. 

The field observations and the collections here considered were made 
during the first half of 1922, when critical sections through the Com- 
plex were studied by members of a Shaler Memorial Expedition from 
Harvard University. Those members included Prof. G. A. F. Molen- 
graaff, of Delft, and Prof. C. Palache and the writer, of Harvard Uni- 
versity. Throughout the trip the party was accompanied by Dr. F. E. 
Wright, of the Geophysical Laboratory of the Carnegie Institution of 
Washington. The visitors were aided in the field by the endlessly gener- 
ous support of the Geological Survey of the Union of South Africa, 
which has its headquarters at Pretoria. Dr. A. W. Rogers, the Di- 
rector, saw to it that the party should have all available help in trans- 
portation and furnished cartographic and other published data. He 
also went personally into the field to check up some of the results of 
the joint expedition. The gathering of experience with the immense 
body of rock was very much accelerated by the personal guidance of 
Dr. A. L. Hall, Dr. P. A. Wagner, and Dr. Rogers, of the Geological 
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Survey; Dr. A. L. du Toit, of the Irrigation Department ; and Prof. 
L. C. de Villiers, of the Transvaal University College. The longest 
single “trek,” covering about six weeks and traversing the northern 
and eastern parts of the Complex, was conducted by Dr. Hall. During 
this journey he lavished on the party his unrivaled knowledge of the 
field relations, petrography, and literature. He economized time so 
skillfully that the visitors were able to study in a comparatively leisurely 
way many of the most significant rock sections in the Transvaal. Simi- 
larly, Dr. Wagner, also devoting much time to the service, guided mem- 
bers of the party to critical localities in the central and western parts 
of the Complex. Around Pretoria, on the southern side, Dr. du Toit 
was the principal guide. Throughout the study the experience of Pro- 
fessor Molengraaff, who had served as State Geologist for the South 
African Republic before the last Anglo-Boer War, was naturally of high 
value to the others. 

Most of the conclusions here recorded were unanimously reached by 
the cooperating geologists; in fact, they merely corroborate the conclu- 
sions already reached and published by Hall, Wagner, and other mem- 
bers of the South African Survey. On the other hand, a few new sug- 
gestions by the present writer are scattered through the paper, which 
also contains ideas won from his American colleagues and Professor 
Molengraaff during the six months in the field. Numerous discussions 
of special points with Professor Palache have greatly helped in the com- 
position of this paper, but he must not be held responsible for its errors. 

Owing to the many demands upon the Government chemists in Pre- 
toria, it has not been possible for the Survey officers to secure a satis- 
factory number of rock analyses from the Complex. Hence it has 
seemed expedient to publish additional analyses. It is hoped that these 
additional data may be used by Dr. Hall in a monographic treatment 
of the Bushveld Complex. If that master of Transvaal geology be so 
aided in the preparation of a much-desired summary, the present con- 
tribution to the chemistry of the rocks may, perhaps, be regarded as a 
small return for the innumerable kindnesses showered on the visiting 
geologists by Dr. Hall and other geologists in South Africa. 

Eighteen new analyses of the Transvaal rocks are here recorded. Their 
accuracy is guaranteed by the fact that sixteen were made by Mr. E. G. 
Radley, chemist of the British Geological Survey, and two were made 
by Miss H. E. Vassar when chemist of the Mineralogical Department 
of Harvard University. Special acknowledgments are due to these 
chemists for the interest and the care they have taken in their many 
determinations. All but one of the rocks analyzed were taken from 
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the collection of the present writer; the one exception (No. 3392), q 
typical specimen of one phase of the Bushveld granite, was presented br 
Dr. du Toit. 


STRATIGRAPHY AND GENERAL STRUCTURE OF THE REGION 
GENERAL STATEMENT 

Two excellent summaries of the general geology of the Transvaal have 
recently appeared. The latest is given in chapters 9 and 10 of the admi- 
rable “Geology of South Africa,” by A. L. du Toit (Oliver and Boyd, 
Edinburgh, 1926) ; the other, by A. L. Hall who dwells more specifically 
on the petrology of the Complex, is published in the Journal of the Chem- 
ical, Metallurgical, and Mining Society of South Africa, volume 26, 
1926, pages 160-178. References to the abundant older publications 
on the subject are given in “A bibliography of South African geology,” 
“A subject index to the geological literature,” and “A bibliography of 
South African geology for the years 1921 to 1925, inclusive”; all three 
compiled by A. L. Hall and printed for the Union Geological Survey 
(Memoir 18, 1922, Memoir 22, 1924, and Memoir 25, 1927). The 
main sources of information are the many map sheets of the Survey, 
on a scale of 2.347 miles to the inch, with explanations; the Survey's 
new Geological Map of the Union of South Africa, which contains a 
good single-sheet map of the Bushveld Complex; the Annual Reports 
of the Geological Survey of the Transvaal and, for later years, of the 
Geological Survey of the Union of South Africa; and many valuable 
papers in the Transactions of the Geological Society of South Africa. 


STRATIGRAPHIC COLUMN IN THE TRANSVAAL 


A preliminary view of the stratigraphic relations of the Complex may 
be obtained from Table I, most of which has been compiled from du 
Toit’s book. 


TaB_eE I.—Geological Column in the Transvaal (in descending Order) 


Ty 
m 
A. Karroo system (central Transvaal); Upper Carboniferous to Jurassic: 
a. Stormberg series: 
I Bushveld amygdaloidal basalt....................4000e 1,000 
II oi oss ce wsere ovsccee tener eneta’ xeiem 300 
GT SS err ee errr er Ce 400 
b. Beaufort series (absent) 
c. Ecca series (shales, sandstone, coal measures)...........-.+++: 700 
d. Dwyka series (glacial conglomerate). ............-.-+005+00055 30 


—Unconformity (long time-gap)— 
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TaBLE I.—Geological Column in the Transvaal—Continued 


Thickness 
B. WATERBERG SYSTEM; early Paleozoic (?): in feet 
Sandstone, quartzite, shale, conglomerate, grit breccia, with local 
flows of andesite and basalt at or near the base of the system... .. . §,000+ 
—Unconformity (long time-gap)— 
ERUPTION OF MAGMAS OF BusHVELD ComPLEX (its salic lavas inclosing 
contemporaneous lenses of shale, sandstone, and quartzite) 
C. TRANSVAAL SYSTEM; late pre-Cambrian (?): 
a. Pretoria series: 
I. Rooiberg group: Feldspathic quartzite and shale in the Rooi- 
berg area; feldspathic quartzite, arkose, grit, and conglom- 
erate, with local flows of andesitic lava in the Stavoren 


area. Maximum measured thickness................ ... 1,000 
II. Magaliesberg group: 
1. Dullstroom surface lavas of basaltic habit............ 1,000 
ic NS dias Oo was ainn otis Caeee tee RS RAS 1 ,000-2 ,000 
i I Sg rie rd icea edb ehca eae e ewe en ? 
4. Volcanic tuff (probably including basic types) ....... 0-600 
| Sr re roe ee ye 2,000 
III. Daspoort group: 
By IIE sine bdlnthe iis go. ciadisl nd Uae indeed s okaineican 80-250 
TB RE EE ey rye Oe eee a ? 
3. Ongeluk surface volcanic rock (basaltic or andesitic) . .0-5 ,000 
Be Ns he Sn wicee 8 in ced aed tal anise aaa en 500-2 ,000 
IV. Timeball Hill group: 
Ds NII cass 4c 0Go. 08 Ge vetpansis'es Ae weeds eae 80-500 
Ps ce had. to tea poe ck taey seater e ae 600-3 , 000 
ee eS ois cv nine Diilen perenne city baaa¥ee? 3-80 


—Time-gap represented by erosion— 
b. Dolomite series: 
Dolomite and magnesian limestone, with some beds of chert, 


a Re rere ere re ee 3, 000-5 ,000 
c. Black Reef series: 
Quartzite with basal arkose or conglomerate............... 20-1 ,600 


Widespread conformity, with local unconformity between the Transvaal and 
Ventersdorp systems.— 
D. VENTERSDORP SYSTEM; probably late pre-Cambrian................. 10,000 

a. Pniel series; chiefly basaltic lava and diabase, with volcanic brec- 
cia, conglomerate, sandstone, grit, quartzite, and limestone. .. . 

b. Zoetlief series; chiefly felsic lava, quartz porphyry, trachyte, 
andesite; with tuff, breccia, quartzite, shale, and thin beds of 
limestone. 

Overlap of Ventersdorp system on Witwatersrand system; over large areas 
conformity between them.— : 
E. WiTwaTERSAND sysTEM; late pre-Cambrian: 
Dominantly quartzite, with shale, grit, and conglomerate (this system 
absent in the area covered by the Bushveld Complex).......... 25,000 
—Unconformity (long time-gap)— 
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TaBLe I-—Geological Column in the Transvaal—Continued 


Thickness 
F. ‘““ARCHEAN” SYSTEM: in feet 
a. Intrusive granite, comprising the greater part of the system as 


exposed. 

b. Jamestown-Onverwacht series: greenstone, locally amygdaloidal; 
basic schist, chert, dolomite, serpentine, quartzite.............. ? 

c. Moodies series: slate, phyllite, quartzite, graywacke, chert, iron- 
Go dies cicicncsnces,. Medseesesekoeatades eases 20 ,000-30 ,000 


The stratigraphic units in Table I differ in one particular from those 
given by du Toit, who includes in the Rooiberg group the thick masses 
of felsite in the central Bushveld area as well as the feldspathic quartzite 
and other sedimentary beds in the Rooiberg and Stavoren areas. The 
same plan is followed on the new geological map of South Africa. Yet 
the extensive masses of felsite seem to form a part of the eruptive Bush. 
veld Complex, and to represent magma that was poured out after the 
sedimentary deposits just noted were laid down. In fact, the beds of 
feldspathic quartzite and the associated shale of the Rooiberg and Sta- 
voren areas—the only areas in which they are found—were overwhelmed 
by the magmas of the Complex. Further, the existence of a Rooiberg 
group of beds of quartzite and shale, independent of the well-established 
groups of the Pretoria series from the Timeball Hill to the Magaliesberg, 
is not yet proved. The results of field observations appear to indicate 
that at least some of these Rooiberg sediments may be feldspathized and 
otherwise metamorphosed beds from the Magaliesberg or lower horizons. 
This problem will be again attacked when the mode of eruption of the 
Complex as a whole is considered. Meanwhile it may be noted, as shown 
in Table I, that the South African geologists have concluded that sedi- 
ments having a maximum thicknes of 1,000 feet (330 meters), or some- 
what more, were in places laid down conformably on the Magaliesberg 
group before the Bushveld Complex was erupted. 







MEMBERS OF THE BUSHVELD COMPLEX 





The present limits of the Complex are well determined except for a 
stretch of 145 kilometers between Pretoria and Belfast and another break 
of more than 160 kilometers in the region west and north of Pot- 
gietersrust (see figure 1). In each of these areas the Complex is 
buried under a thick, unconformable cover of Waterberg strata. The 
diameter of the eruptive mass from east to west, as now exposed, is 
480 kilometers; the diameter from north to south is about 200 kilo 
meters. As the sheetlike members of the Complex, which dip inward 
on all sides, have shared in the general erosion (approaching peneplans- 
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tion) of the Transvaal, beginning even in pre-Waterberg time, the erup- 
tive body originally had a wider extension. Thus, while the Complex 
now has a periphery of 1,200 kilometers and a gross area of about 55,000 
square kilometers, each dimension was formerly at least 10 per cent 
greater. 

Broadly considered, the Complex is made up of five major elements 
(see figures 1 and 2): 

1. An uppermost, thick layer of felsitic and in places, more basic 
pyroclastic rock, clearly extrusive and containing local lenses of shale 
and sandstone, which show that the whole period of true surface vol- 
canism was long (figure 3). 

2. A thick underlying, irregular layer of granophyre and coarse red 
granite (figures 2, 3, and 4). 

3. Beneath the granophyre granite, a very thick layer of norite, in- 
closing its own marvelous “bedded” differentiates (figures 2, 3, and 4). 

4. Still lower, a fourth subcomplex, a series of wide-ranging sills of 
norite and “diabase,” which cut the Pretoria series, Dolomite series, and 
Black Reef series—that is, the sedimentary terrane constituting the 
immediate floor of most of the main norite layer (figures 5, 6, and 7). 

5. A coarse pink granite that distinctly cuts the main norite in wide 
dikes and elongated, stocklike masses. The total area of this member 
is much less than the area originally covered by any of the other mem- 
bers (figure 8). 

The four principal members of the Complex are nested (emboités) 
one in another in the order named. The whole forms a colossal basin 
structure. (See figure 1 for dips, figure 2 for a cross section.) 

As all these bodies of rock were erupted at or not long after the end 
of Magaliesberg time, it is reasonable to ask whether the thick pile of 
basic lava constituting a long band near Dullstroom should not be in- 
cluded in the Bushveld Complex itself. For convenience the basic 
lava may be referred to as the Dullstroom voleanics (DV of figure 1; 
see also figure 5). The Dullstroom flows ran out over the sand and 
mud that formed the quartzite and shale and, according to the Geo- 
logical Survey, should be correlated with the Magaliesberg group. Hence 
the eruption of the Dullstroom volcanic rock may well represent the be- 
ginning of an igneous invasion that culminated in the peerless flood of 
norite and salic rocks. However, Dr. Hall believes it best to regard 
the Dullstroom lava as belonging to a separate petrogenic cycle. To 
test the question a detailed study of the lavas should be made, but be- 
cause of their profound alteration (probably in largest part by the con- 
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OIABASE 








Ficure 3.—Section showing Unconformity between the Waterberg System and the 
Rocks of the Bushveld Complex 


Scale, about 1:170,000 (2.7 miles to the inch). Weg, Waterberg conglomerate; 
Wss, Waterberg sandstone; M. R., Magalakwin River. Copied from E. T. Mellor, Re 
port of the Geological Survey for 1908, Plate XII. 


N. 
GRANOPHYRE 











FIGURE 4.—Section showing stratigraphic Relations of the Granophyre, Felsite, Granite, 
and Norite of the Bushveld Compler 


Scale, 1: 220,000 (nearly 3.5 miles to the inch). Copied from A. L. Hall, Report of 
the Geological Survey for 1910, page 58. 
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Ficurp 5.—Section showing stratigraphic Relations of the Bushveld Felsite, Grano- 
phyre, Norite, Dullstroom Volcanics, Pretoria Series, and Basic Sills, and the 
prevailing Dip at the east End of the Bushveld Complez. 


Scale, 1:295,000 (about 4.6 miles to the inch). This section is continuous with 
that in figure 6, though on a different scale. Copied with modification, from A. L 
Hall, Lydenburg map sheet. 
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Ficure 6.—Section showing some of the “Diabase”’ Sills (solid black) that cut the 
Pretoria Series (lined) at the east End of the Bushveld Complez and the Basin 
Dip of the Complez. 


Dip slightly exaggerated. Scale, 1: 380,000, or six miles to the inch. This sec- 
tion continues that in figure 5. Copied, with modification, from A. L. Hall, Lydenburg 
map sheet. 
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FicurE 7.—Section showing the Relations of the Members of the Bushveld Compiler 
to One Another, to the Transvaal System, and to the Archean, south of Pretoria; 
also, basin dip of the Complez. 


Dip slightly exaggerated. Scale, 1: 420,000, or 6.6 miles to the inch. Copied from the 
Pretoria map sheet by Kynaston, Mellor, and Hall. 
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Ficure 8.—Section show Relations of corase Granites, Norite, Magnetite Bed, zeno- 
lithic Quartzite, Pretoria Series, and “Diabase” Sills at the East End of the Bush- 
veld Complex, North of Sections in figures 5 and 6 

Scale, 1: 340,000 (5.4 miles to the inch). Copied, with modification, from A. L. Hall, 

Sekukuniland map sheet. 
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tact with the overlying noritic magma and its sill offshoots beneath the 
voleanics), it may be difficult to secure a satisfactory decision. 

Several authors have described the celebrated alkaline-rock masses of 
the Pilandsberg,? Leeuwfontein, Spitzkop (Sekukuniland) etcetera, as 
integral parts of the Bushveld Complex. There are, however, positive 
objections. This view implies considerable sacrifice of convenience in 
referring to the enormous felsite-granophyre-granite-norite-“diabase” 
composite. All the principal masses in the composite named are synge- 
netic; the many problems as to their origin are already sufficiently 
complicated and are not directly connected with the genetic problem 
of the relatively small alkaline masses—a problem which is now being 
considered in a masterly way by Prof. S. J. Shand. 

A more compelling reason for excluding the highly alkaline bodies 
from the “Bushveld Complex” is the evidence that they are all notably 
younger than the youngest of the five major members of the Complex 
listed above. The Pilandsberg and Spitzkop masses cut the coarse red 
granite and the underlying norite. Dense, presumably extrusive 
trachytes of the Pilandsberg occupy the same level as the surrounding 
norite and coarse granite. No fragments of the normal Bushveld felsite 
have been found in the alkaline-rock breccia and the plutonic rock of 
the Pilandsberg—a fact also suggesting that the cover of felsite had 
been eroded off the coarse granite before the highly alkaline magma 
was erupted. If so, a long time intervened between the eruption of 
the granite-felsite and that of the foy:.‘te-syenite-trachyte at the Pilands- 
berg. No pebbles of highly alkaline rock have been reported from the 
Waterberg conglomerate. In view of the known facts, therefore, one 
must agree with Hall and du Toit in preferring to exclude the highly 
alkaline bodies from the “Bushveld Complex.” * 

Some dikes and sheets of gabbroid and diabasic rock cut one or more 
of the four major “layers” of the Complex. These will be considered 
later, though they may not belong to the same petrogenic cycle as those 
“layers.” 

PETROGRAPHY OF THE COMPLEX 
GENERAL STATEMENT 


A special purpose of this paper being that of recording new chemical 
analyses, stress will be laid on the corresponding rock types. Most of 





2This spelling of the Survey maps retained; according to Professor Shand, the 
name should be written ‘“Pilansberg.”’ 

3A. L. Hall: Jour. Chem. Metallurg. and Mining Soc. South Africa, voi. 26, 1926, 
p. 160. 
A. L. du Toit; Geology of South Africa, 1926, p. 167. 
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the types have been studied microscopically by Hall, Wagner, and other 
members of the South African Geological Survey, who have published 
mineralogical descriptions of them. Du Toit’s new book contains a 
brief summary of the microscopic petrography, which need not be re- 
peated here in detail. Though the new analyses show little essential 
novelty, they increase the precision with which the well-recognized mem- 
bers of the Complex may be described. Each member shows more or 
less variability, and so far as the new data illustrate that variability 
they make the mental picture of the Complex more nearly accurate. 
On the other hand, the new analyses that are like earlier analyses, made 
from specimens taken at widely separated localities, show a degree of 
wniformity in the petrography of corresponding members of the Complex. 
In a study of the genesis of the rocks the determination of such uni- 
formity is fully as important as the proof of the variability of felsitic, 
granitic, or noritic phases. 

As the published results of the older analyses are scattered through 
many memoirs, few of which are easily accessible to most geologists, it 
has seemed worth while also to give in this paper the results of all the 
more valuable analyses of the rocks of the Complex. 

Most of the analyses will be presented in the order of the four major 
“layers” of the Complex listed above. Next will follow accounts of new 
analyses of rocks that are not in those “layers.” 


FELSITE 


Profound erosion has greatly diminished both the area and the thick- 
ness of the uppermost, felsitic “layer” of the Complex, its obviously 
voleanic or extrusive part. When just erupted, this widespread “layer” 
covered the whole body of intrusive rock and probably had its maximum 
thickness well inside the area of the existing basinlike structure, but 
doubtless more than half of it has been completely stripped off by erosion. 
Much of it was gone before the Waterberg beds were laid down (figure 
3), and the remainder was removed as a result of a pronounced relative 
lowering of the Transvaal baselevel after the long period of sedimenta- 
tion represented by the Waterberg system. The erosion still goes on. 
The remnants of the felsites show thicknesses measuring up to 2,600 
meters. The original maximum thickness was probably more than 
3,000 meters. 

Pyroclastic phases, breccias and tuffs, are said to be most abundant at 
the top and the bottom of the felsitic “layer.” The very thick middle 
part is more homogeneous and seems to be composed of a few thick 
flows, some of them 150 to 260 meters thick. 
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“Andesitic” lava is reported to be interbedded in some places, but no 
detailed description of any bed has been published. On Wonderhoek 
21 Farm, shown on the northwest part of the Belfast map sheet of the 
Geological Survey, the writer collected in the felsitic area an amygda- 
loidal lava that has the habit of an andesitic basalt. The rock is g 
thoroughly epidotized, however, that its original nature can not be 
exactly determined. In general, the volcanic series is more siliceous 
than andestic, and probably more than nine-tenths of it is rhyolitie, 

As no complete analyses of the felsites had been published before this 
investigation began, two specimens, selected for their typical character 
and comparative freshness, were sent to Mr. Radley for a determination 
of their more abundant oxides. 

The first of these, number 3632, which Dr. Hall considers a normal 
type for the Bushveld, was collected on Wonderhoek Farm (Belfast map 
sheet, latitude 25° 37’ south, longitude 29° 41’ east). It is a slightly 
porphyritic, compact, rather dark gray felsite with a reddish tinge. The 
phenocrysts include idiomorphs of plagioclase (determined with some 
doubt as basic oligoclase) and orthoclase, and much fewer idiomorphs of 
pale green augite and rare, irregular crystals of quartz. The ground- 
mass is a confused mass of intergrown quartz and alkaline feldspar, in 
places spherulitic. The intergrowths are shot through with slender, 
composite needles of quartz, pseudomorphic after feldspar, quite like 
the laths of granular quartz in the felsite at the Premier diamond mine 
(see below). As usual with these felsites, the section is cloudy, ap- 
parently because of a late magmatic attack on the feldspars. This 
murkiness renders close determination of the constituents difficult. 
More light on the true nature of the feldspars, the dominant minerals, 
is given by the chemical analysis in column 1 of Table II. Rare 
granules cf magnetite and needles of apatite are present. The more 
or less perfectly isotropic character of many small areas in the thin see- 
tion suggests the presence of a glassy residue, perhaps 15 per cent of 
the rock by weight. The glass lowers somewhat the specific gravity of 
the rock. 
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TaBLeE II.—Feisite, Granophyre, and Granite 





1 2 a 3 4 5 6 b 
Number Number Number Number Number Number 
3682 3627 . 3622 3088 3392 
anes 71.33 74.00 72.60 74.15 74.31 74.06 71.80 70.18 
ae .39 .48 .30 .37 34 .24 .39 .39 
13.26 12.45 13.88 12.61 12.20 12.62 12.94 14.47 
FeOs..... 24 47 1.43 90 .58 96 1.25 1.57 
aaa 4.62 1.88 .82 2.39 2.45 1.88 2.96 1.78 
Mn0..... .19 17 «83 32 35 45 -26 12 
MgO..... .05 37 .38 .03 16 .02 .06 .88 
Ca... 1.45 99 1.32 .82 1.67 1.11 1.64 1.99 
Na,O..... 3.26 3.09 3.54 2.87 3.13 2.44 3.28 3.48 
7 3.88 4.93 4.03 4.86 3.87 5.36 4.60 4.11 
H.O+ .89 rr , 52 .40 .72 65 .64 .67 
H,O-—.... .43 .13 : .17 .18 16 ll me 
_ ae .13 09 .06 .14 07 14 .08 19 
100.12 99.44 100.00 100.03 100.03 100.09 100.01 100.00 
Sp. gr. i. xa) eee 2.650 2.632 2.645 2.670 ....... 
*1, A common variety of felsite; Wonderhoek 21 Farm. E. G. Radley, analyst. 


*2 


. Felsite at summit of the Paardekop, Sekukuniland; transitional into 
granophyre, number 3622. Radley, analyst. 

. Average analysis of 40 rhyolites and 24 liparites, as named by authors. 
Of worldwide distribution. 

. Granophyre about half a mile west of summit of the Paardekop. Radley, 
analyst. 

. Granophyre, Krokodilpoort 527 Farm, northwest of Pretoria. Radley, 
analyst. 

. Coarse red granite, Zoutspansleegte Farm, south of Rooiberg. Radley, 
analyst. 

. Coarse pink granite, Morgen Zon 422 Farm, near Sekwati River. Radley, 
analyst. 

. Average analysis of granite, worldwide distribution (546 “superior” anal- 
yses used in the computation, make from Washington’s tables). 


TABLE [Ia.—Norms 


be Ranier on mite sheen a 

3682 3627 3622 3088 3392 3593 
Gents. ...... 31.08 33.78 35.94 36.24 36.06 30.06 
Orthoclase.... 22.80 28.91 28.91 22.80 31.69 27.24 
Ee 27.77 26. 20 24.10 26.20 20.44 27.77 
Anorthite. . . . . 6.39 4.17 3.06 7.51 4.73 7.23 
Corundum.... 1.33 51 1.53 .20 Ss See 
Hypersthene.. . 8.02 3.41 3.53 4.49 3.04 4.19 
Magnetite. .. . .46 .70 1.39 .93 1.39 1.85 
Ilmenite...... .76 91 . 76 .61 .46 .76 
Apatite....... 34 . 34 34 34 34 34 
ae 1.32 .52 .57 .90 81 75 





100.27 99.45 100.13 100.22 100.08 100.19 





*New analysis. 





| 
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A more siliceous felsite (specimen number 3627) was collected at 
the 6,220-foot beacon on the Paardekop (Lydenburg map sheet, in lati- 
tude 25° 3” south, longitude 29° 45’ east). This very compact, dark 
reddish gray rock is of special interest because it graduates downward 
into the widespread, typical pinkish red granophyre which, with the 
felsite, in places caps the Sekukuniland Plateau. The dense, almost 
aphanitic quality of the rock at the top of the high peak means a quick 
chilling of the magma at this level,-a chilling probably against the air, 

The strong, fresh felsite is not vesiculated. It contains a few micro- 
phenocrysts of finely perthitic feldspar and ragged needles of green horn- 
blende, embedded in an intimate mixture of alkaline feldspar and quartz, 
micrographically intergrown and locally in rude spherulites. A dust of 
magnetite and rare apatites are accessory. 

The analysis of number 3627 is given in column 2 of Table II. The 
norms of the two analyses are given in Table Ila. According to the 
Norm classification of analyses,* number 3682 is toscanose and number 
3627 is toscanose verging on liparose. Column a of Table II shows the 
average of 64 rhyolites. Each of the new analyses is close to average 
rhyolite, but number 3682 is decided richer in ferrous iron and number 
3627 is somewhat more siliceous and poiassic. 

After this paper was practically ready for the press, Wagner’s valuable 
report on the quadrangle of the Geological Survey sheet number 17 was 
published. It contains two analyses of silicified felsites, one analysis 
of an amygdaloidal flow of soda-trachyandesite (or keratophyre), and 
two analyses of akerite. These five analyses are entered in Table IIL 





‘The writer once more suggests that the “Quantitative classification of igneous 
rocks” developed by Cross, Iddings, Pirsson, and Washington, be renamed the “Norm 
classification of rock analyses.” It is a useful classification of rock analyses; by no 
means is it a classification of Nature’s rocks. To call it the “Quantitative classifica- 
tion of igneous rocks” is doubly inadvisable, for there are several existing quantitative 
classifications of igneous rocks. One of these (Johannsen’s) originated in America; 
hence it is wrong to call the Cross-Iddings-Pirsson-Washington system the “American” 
classification. A rather common practice of naming this the C. I. P. W. classification 
of analyses is a convenient mnemonic designation of authorship, but it is less elegant 
for print or speech than the name “Norm classification.” 

* The geology of the northeastern part of the Springbok flats and surrounding coun 


try, Pretoria, 1927. 
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Tae III.—Felsites, Soda-trachyandesite, and Akerites 


1 2 3 4 5 

BES oh 0 kite Shes es 73.85 74.05 56.85 53.45 62.60 
eee cree .25 .25 75 1.60 . 26 
er er errr 11.85 11.70 14.20 16.80 17.95 
EEE ET ee 1.20 .80 1.90 2.25 .65 
RI Ae ee 2.60 2.70 7.35 7.65 3.45 
BURG ocescstinseieewe Suneesl Vea 15 .10 10 
ee ee es ee 2.35 1.95 6.08 2.35 1.10 
ee ee 1.00 1.05 3.50 5.7 3.40 
Serer ee 2.80 2.45 6.00 6.20 7.65 
Sie ceeeaeecrae 2.10 2.55 . 50 1.75 1.65 
A reer 2 1.30 1.35 2.00 1.05 40 
RY 5h cxsaceteeebharen 25 15 35 .20 20 
P.O; 10 10 20 80 20 
A ee ee 05 .60 05 nil 10 

99.70 99.70 99.89 99.90 99.71 
a eee 5 er 2.80 2.69 


1. Spherulitic silicified felsite, Kwaggafontein 531 Farm. H. G. Weall, analyst. 
2. Nodular silicified felsite, Salie Sloot 396 Farm. Weall, analyst. 

3. Soda-trachyandesite, Kwaggafontein 531 Farm. Weall, analyst. 

4. Hornblende akerite, Uyskraal 228 Farm. Weall, analyst. 

5. Leucocratic hornblende akerite, Scherp Arabie 367 Farm. Weail, analyst. 


In many respects these silicified felsites resemble the less altered fel- 
sites (columns 1 and 2 of Table II), but carry less alkali. Since the 
lathlike phenocrysts of originally soda-rich feldspar have been largely 
changed to quartz in composite grains, exactly as in number 3682 (col- 
umn 1 of Table II), it seems reasonable to assume that this remarkable 
“auto-metasomatism” was accompanied by the loss of soda and potash 
from the rock. 

The soda-trachyandesite (column 3 of Table III) was collected from 
a surface flow slightly older than the felsite, which is separated from 
it by a thin bed of Rooiberg quartzite. : 

Wagner concluded that the akeritic syenites are genetically connected 
with the trachyandesite—a view evidently supported by the degree of 
similarity of the analyses. He suggests also a syngenesis of the syenites 
and the coarse red granite of the district. 


GRANOPHYRE 


As already noted, the granophyre and much of the coarse red granite 
of the Bushveld together form a thick “layer” that overlies the main 
norite and underlies the felsite, but, as both of the coarser rocks are in 
places intruded into the felsite, either may overlie some felsite. Grano- 
XLVII—Butt. Grow. Soc, AM., VoL.*39, 1927 
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phyre and granite are closely connected in genesis, but their relations are 
not entirely clear and are still subject to speculation. The two kinds of 
rock will here be considered separately. 

The granophyre, though uniformly showing the strong dominance of 
micropegmatite and the graphic intergrowth of quartz and alkaline 
feldspar, is somewhat variable in composition—a fact exemplified in 
Table II, which contains new analyses. 

One of the corresponding specimens (number 3622) was collected at 
a point about 800 meters due west of the beacon on the 6,220-foot summit 
of the Paardekop, Sekukuniland (Lydenburg map sheet, ‘atitude 25° 3 
south, longitude 29° 45’ 30” east). The good exposures on this con- 
spicuous kopje made it possible to prove the gradual, perfect transition 
from the granophyre to the dense felsite at the beacon. The chemical 
agreement of the two phases, the quenched phase and the slower-cooling 
phase of the same magmatic body, is made clear by a comparison of 
columns 2 and 3 of Table II. Since both rocks are holocrystalline, the 
close similarity of their specific gravities is also significant. 

The Paardekop granophyre is dark red, fresh, medium-grained, and 
typifies the bulk of this rock species in the Bushveld. The dominant, 
very beautiful micropegmatite contains soda-rich orthoclase and much 
oligoclase-albite. All the feldspars are cloudy, even the freshest of them, 
and there can be little doubt that the cloudiness was developed in the 
late magmatic period. Shooting through the graphic intergrowths are 
long, slender crystals of hornblende, which are ragged, embayed, and 
somewhat poikilitic, recalling the habit of many riebeckites and aegirites 
in surface lavas. In clinopinacoidal sections of the hornblende the extine- 
tion is 13 degrees. The pleochroic scheme is a, pale olive green; b, 
brownish green; c, deep brown-green, with a faint suggestion of blue. 
The mineral seems to be identical with that in the felsite at the beacon. 
Magnetite and apatite are rare accessories. 

The norm of number 3622 is, given in Table Ila, column 3. The 
analysis is an alaskose, close to liparose. 

Another typical analyzed granophyre, specimen number 3088, was 
collected on Mr. Hole’s farm, near the Crocodile River (Pretoria map 
sheet, latitude 25° 34’ 30” south, longitude 27° 46’ 30” east—about 
225 kilometers from the locality of specimen number 3622). This other 
rock is also deep red, but has a brownish tint. Except in some details, 
the petrography is the same as that of the Paardekop specimen. The 
green hornblende is less acicular, tending more to form small granular 
aggregates. With it are rare anhedra of diopsidic augite, which was not 
found in number 3622. Zircon is added to the list of accessories. A few 
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grains of calcite seen in the section are probably secondary, though the 
rock is almost perfectly fresh. 

The analysis of number 3088 appears in column 4 of Table II, its 
norm in column 4 of table Ila. The analysis works out as tehamose, 
falling in a subrang and rang different from those of number 3622, 
the Paardekop granophyre. 

The Bushveld granophyres vary more than is indicated by the two 
new analyses. Distinctly more mafic varieties of “granophyric gran- 
ite’—that is, granite rich in interstitial, often relatively coarse-grained 
micropegmatite—occur in close association with both the coarse red 
granite and the upper phases of the main norite. Illustrations of 
relatively mafic types are given in Table IV, which includes analyses 
made for Dr. Wagner. 


TABLE I[V.—More mafic Granophyres and granophyric Granites 





1 2 3 

a ig a o's aia ERE A SS wie ewan 69.20 70.4 70.65 
tS ee eee eee .65 .35 .20 
ate “wees 12.30 12.5 10.40 
EES ESE SRLS eee te 3.30 2.75 3.65 
A Ae ener en ena ey: eran 3.60 3.75 3.45 
Ne i sista Rhus axe kale akira ROE ee thet rf tr. 
ED... ois rdanba sakeetien easton 20 .05 7.40 
Ed) did RA Bae DE edna eee artre 1.30 1.45 2.15 
ec Dignan bie tentece & bina aneaate ate 3.25 2.73 2.40 
EE ae ee ge ae i ee 4.95 4.78 5.20 
RE AS: Stipe rape ee esha ? 3 1.02 -50 
Ro Sila ce ahaa aes ae Goad 3 12 
eS aaa hex a Ge aoa karen ee a aa Oat tr. n. d. tr. 
99.75 99.78 99.12 


1. Granophyre from Gaasterland 1872 Farm, Mutue Fides district. P. A. 
Wagner; Memoir 16, South African Department of Mines and Industries, 
1921, page 32. H. G. Weall, analyst. 

2. Hornblende granophyre from Stavoren 1871 Farm, Mutue Fides district. 
P. A. Wagner, ibid. Page 28. Weall, analyst. 

3. Granophyric granite from Gaasterland 1872 Farm, Mutue Fides district. 
P. A. Wagner, ibid. Page 31. Weall, analyst. 


COARSE RED GRANITE 


The total area of the coarse granites at the existing surface of erosion 
rivals the exposed area of the main norite. The chemical variation in 
the granites is of the same order as that.in the granophyres or that in 
the felsites. Two closely related types of the granite are, however, 
strongly dominant, and for each type a new analysis is given. 
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One of the two types, probably the one of greater volume, has a very 
low content of dark minerals, which normally include biotite with or 
without a little hornblende. This type is always coarse in grain and 
most of it is equigranular, but in several parts of the Bushveld Complex 
it is coarsely porphyritic, containing phenocrysts of soda-rich orthoclase, 
There appears to be no essential chemical difference between the latter 
subtypes. A sample of the fresh porphyritic rock (specimen number 
3392), which was kindly presented by Dr. du Toit, was selected for 
analysis. It was taken from a ledge on the Zoutspansleegte 120 Farm 
(Pienaars River map sheet, latitude 25° 11’ south, longitude 27° 52’ 
east). Its handsome red color is given by the feldspar, which is clouded 
with minute inclusions, as it is in all the red rocks of the Bushveld, 
whether felsitic, granophyric, or granitic. The coarse groundmass is 
composed of quartz, microperthite, soda-orthoclase, oligoclase, and a few 
small corroded plates of biotite. Magnetite, apatite, and zircon are the 
accessories. 

The analysis of specimen number 3392 is given in column 5 of Table 
II, its norm in column 5 of Table Ila. The analysis falls in tehamose, 
the subrang of the Norm classification, where one of the granophyre 
analyses has been found. This salic granite, the more salic granophyres, 
and the Paardekop felsite are chemically so similar as to indicate a com- 
mon magmatic origin. 

The other abundant type of coarse granite is more mafic. The grain 
is about the same in coarseness; the porphyritic texture is lacking. A 
fresh specimen (number 3593) was collected on Morgen Zon 422 Farm, 
near the Sekwati River (Sekukuniland map sheet—latitude 24° 49’ 30” 
south, longitude 29° 49’ east). Its general color is a strong pink rather 
than the deeper red of the more felsic granite and granophyre. The 
rock surface is well sprinkled with large, black, irregular crystals of horn- 
blende and occasional plates of lustrous biotite. Besides hornblende 
the essential minerals are quartz, microperthite, and oligoclase-albite, 
that is often surrounded by a narrow shell of nearly pure albite. The 
hornblende is strongly pleochroic in shades of olive green (b and ¢) and 
deep greenish brown (a@). Brown biotite must be regarded as among 
the accessories, which are otherwise the same as in the more salic granite. 

The analysis of number 3593 is given in column 6 of Table II, its 
norm in column 6 of Table Ila. The corresponding subrang of the 
Norm classification is toscanose. 

Each of the new analyses should be compared with those of the 
granophyre and felsite and with the average analysis of granite in gen- 
eral, shown in column b of Table II. That of number 3593 is evidently 
the nearer to the world average. 
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Comparison with the older analyses of the Bushveld granites is facili- 
tated by the use of Table V, in which all these analyses, new and old, 
are recorded. 

TABLE V.—Coarse Granite 
= os 


a b c d 
a 71.80 74.06 75.70 75.84 74.00 74.10 
ree .39 24 05 “tain 10 .20 
a 12.94 12.62 14.30 11.14 11.85 13.25 
Fe0:... 1.25 .96 .90 4.68 nil 1.75 
is sane 2.96 1.88 n. d 01 3.00 75 
. [a 26 45 le 05 ss 
sia is .06 .02 75 .27 .35 15 
CaO... 1.64 1.11 1.20 1.04 1.50 1.10 
Na,O.. 3.28 2.44 1.70 2.69 3.20 3.40 
ee 4.60 5.36 4.30 3.92 5.25 5.00 
H.O+. .64 rm 6s ‘. .70 45 
“a ll 16 .02 .25 15 





100.01 100.09 99.55 100.25 100.25 100.30 
Specific gravity 2.670 2.645 2.582 2.626 2.63 2.624 


*Number 3593. Coarse pink granite, Morgen Zon 422 Farm, Sekukuniland. 

*Number 3392. Coarse red granite, Zoutspansleegte 120 Farm, Pienaars River. 

a. Coarse red granite, Mutue Fides-Stavoren district. P. A. Wagner: Memoir 
16, Department of Mines and Industries, 1921, page 31. H. G. Weall, 
analyst. 

b. Coarse red granite, Roodepoortje. Horwood and Wade: Geol. Mag., 
volume 6, 1909, page 551. Eckstein and Company, analysts. 

*e, Coarse red granite, Petronella siding, north of Pretoria. Unpublished 
analysis made for A. L. Hall by H. G. Weall. 

d. Coarse red granite, Salt Pan. P. A. Wagner: Memoir 20, Geological Sur- 
vey of South Africa, 1922, page 34. J. Moir, analyst. 


MAIN NORITE AND ITS DIFFERENTIATES 


General statement.—The fame of the Bushveld Complex will keep 
growing as the South African geologists continue patiently to reveal 
more and more of the details of the magmatic differentiation exhibited 
in the main norite. In general the conspicuous differentiates occur as 
relatively thin but extensive stratiform bodies within the noritic “layer.” 
The surfaces of the outcrops are banded in a marked way, and for con- 
venience these sublayers will be referred to as “bands.” For vastness 
of scale and for drastic results of differentiation in place, the great basic 
member of the Complex seems to be without a peer among the known 
rock bodies of the world. In both respects it surpasses the Duluth 








* 
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gabbro, the Skye gabbro, and probably any of the great anorthositic 
masses exposed in the pre-Cambrian terranes. The mineralogical con- 
trasts among the bands are even more striking than those among the 
differentiated, highly basic laccoliths of the Ural Mountains. 

The variability of the noritic “layer” has been further increased 
by a real though quantitatively unknown amount of contamination of 
the femic magma through the absorption of shale and sandstone, now 
quartzite. 

A complete list of the rock species already found in the “layer” by the 
officers of the Geological Survey is too long to be given here, yet the 
names of the more important differentiates and their chemical analyses, 
as given by Hall, Wagner, and others, may be of service to those who 
are unfamiliar with the petrography of the Complex. 

The outcrop of at least half the main basic “layer” of the Complex 
shows that it is composed of fairly homogeneous, typical, medium- 
grained to coarse-grained norite. In general the rock at the base of 
the “layer” for a thickness of a few hundreds of feet from the sedi- 
mentary floor is finer-grained. This phase, mapped as “diabase” by the 
Survey, is very nearly the contact-chilled equivalent of the overlying 
main norite. So far as known, the continuity of the chilled floor-phase 
is unbroken except for a few kilometers north of Potgietersrust, where 
pyroxenite, one of the differentiates of the “layer,” makes direct contact 
with the floor, which, by exception, is here Archean granite-gneiss. 

The differentiates in place tend to be concentrated at two principal 
horizons of the “layer”—one at the top, the other not far above the floor 
“diabase.” 

The various phases may be roughly classified as follows: 

1, An upper group, composed of a comparatively thin, irregularly 1 
developed sublayer of mafic granite or quartz syenite and quartz-rich, 
granophyre-bearing norite which merges downward into normal norite. 
At varying stratigraphic distances of some hundreds of feet below the 
top of the main “layer” the norite commonly contains one to three 
“strata” of titaniferous magnetite (figure 9). At some places lenses 
of anorthosite lie near and parallel to the ore bands. All these beds are 
differentiates in place. 

2. Below the astonishingly continuous beds of magnetite is found the 
main norite, which is fairly homogeneous through a thickness that may 
generally be estimated in hundreds of meters. The maximum thickness t! 
of this phase, as measured at the outcrop, is probably reached in the , 
Lulu Mountains, on the northeast, where it may exceed 3,000 meters. i 

3. Next below is the most thoroughly banded part of the noritic 
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“ayer.” Its thickness is variable. North of Pretoria, between the 
floor of Magaliesberg quartzite and the magnetite beds of the second 
division, the main norite seems to be continuous and not significantly 
interrupted by banded differentiates. In general, however, this third 
division of the noritic “layer” may be followed through lengths of scores 
of kilometers. The banding is specially marked in the western and 
northeastern parts of the Complex. The most voluminous of the differ- 
entiated beds, a pyroxenite, is exposed in noble outcrops in a band along 
the Olifants River. This band is probably more than 700 meters thick 
and extends many kilometers to the south. 

A list of rock types in this third division has been made up from the 
reports of Hall and Wagner, but many other types may be discriminated, 
as the detailed petrography is further advanced, for the bands and lenses 
shade indefinitely into one another. A systematist could easily add 
scores of varietal names to such a series of rocks in gradation. The 
partial+list here presented has been taken chiefly from Wagner’s recent 
memoirs on the platinum and nickel deposits of the Bushveld.® 


Rock Types in the principal banded Division of the noritic Body 


1. Pyroxenite, probably mostly bronz- 11. Harzburgite. 


itite. 12. Chromitite. 
2. Noritic bronzitite. 13. Chromiferous magnetite. 
3. Anorthositic bronzitite. 14. Pure anorthosite. 
4, Pegmatitic bronzitite. 15. “Spotted” anorthosite. 
5. Diallagite pegmatite. 16. “Banded” anorthosite. 
6. Chromitic bronzitite. 17. Anorthositic norite. 
7. Pyroxenitie olivine norite. 18. Normal norite, in bands among 
8. Olivine dunite. the other types. 
9. Hortonolite dunite. 19. Poikilitic norite. 
10. Serpentines. 20. Hornblende norite. 


4. The rocks forming the sublayer between the banded division and 
the sedimentary floor are generally of noritic composition, but near the 
floor quartz, biotite, and hornblende in varying amounts make their 
appearance. Probably these minerals resulted from the interaction of 
the noritic magma and the sediments. Such hybrids or migmatitic 


*P. A. Wagner: Memoir 21, Geol. Survey of South Africa, 1924. 

P. A. Wagner and E. T. Mellor: Trans. Geol. Soc. South Africa, vol. 28, 1925, p. 1. 

P. A. Wagner: Ibid., p. 83. 

A. L. Hall and others: Explanations to map sheets numbers 1, 7, 8, 11, and 13 of 
the Geological Survey. 

Five analyses of noritic phases and one analysis of pyroxenite are given in a paper 
by E. Reuning (Neues Jahrbuch fiir Mineralogie etcetera, B. B. 57, Abt. A, 1927, page 
631), received too late to permit of the insertion of the analyses in the present com- 
Pilation. 
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phases have been described by Hall and du Toit as quartz norite, quartz- 
mica norite, hornblende-rich quartz diorite, and quartz diabase. Asggo- 
ciated with them at the Haartebeestpoort section are hornblendite and 
mica bronzitite." The quartz of the more siliceous rocks is commonly 
in the form of a micropegmatitic intergrowth with alkaline feldspar. 

In addition, the contact rocks of this fourth division are in places cut 
by narrow, veinlike stringers and narrow but well developed dikes of 
microgranite or micropegmatite. Their distribution suggests that these 
dikes and stringers are the products of magmatic reaction with the floor 
sediments or else are due to the selective solution of the quartz-feldspar 
constituents of the sediments in connate water. 

The description of the new analyses of the rocks in the main norite 
part of the Complex will begin with the floor phase. The other analyses 
will be treated in the order of rocks which are successively higher in 
the “stratigraphic” sequence. The statement of older analyses will be 
interpolated according to the same scheme. , 

Floor phase of the main norite-——A specimen (number 3064), which 
seems to represent rather well the floor “diabase,” was collected at a 
point south of Sjambok railway station (Pretoria map sheet, latitude 
25° 38’ 30” south, longitude 28° 0’ 30” east). The outcrop is within 
200 meters of a large mapped xenolith of strongly recrystallized, coarse 
quartzite, which itself was cut by a dike (or sill?) of the same magma. 

The speckled-gray, fine-grained specimen is massive, but shows in thin 
section a moderately developed “flow” texture. The essential minerals 
are diallagic augite, subordinate rhombic pyroxene (probably hypers- 
thene), and basic labradorite, Ab,,An,,. A few small crystals of magne- 
tite, around which are rare shreds of biotite and a little apatite, are the 
accessories. Orientated, minute plates of what appears to be ilmenite 
are rather abundant in the diallage. The structure of the rock is 
hypidiomorphic-granular, not diabasic. The rock may be called a 





hypersthene-bearing gabbro. 

The analysis of number 3064 is given in column 6 of Table VI, its 
norm in column 2 of Table VII. According to the Norm classification, 
the analysis is an auvergnose. 

Eight other specimens of this chilled floor-phase, from as many dif- 
ferent localities, are in general similar to the analyzed rock, but some 
of them carry more rhombic pyroxene and may perhaps best be named 
norites with accessory biotite. In some specimens interstitial quartz, 
occasionally poikilitic, is an important accessory. One specimen, taken 
at the extreme eastern end of the main norite (about latitude 24° 45’ 


7A, L. Hall and A. L. du Toit: Trans. Geol. Soc. South Africa, vol. 26, 1923, p. 69. 
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south, longitude 30° 15’ east) is a true quartz norite of comparatively 
fine grain. 


TaBLE VI.—Normal Norites 





1 2 3 4 5 a 6 b c 
Number Number 
3086 3064 
§i02..... 53.79 52.7 51.5 50.70 51.55 52.05 51.45 51.80 50.39 
Ti02 . 26 15 2 20 .25 .21 . 34 .27 1.13 
AlOs.... 13.50 21.5 16.05 17.90 17.30 17.24 18.67 17.95 16.06 
Fe903.. . .28 5 nil 1.30 1.25 65 .28 .46 2.43 
FeO... 8.29 5.8 7.2 5.80 6.15 6.65 9.04 7.85 7.86 
MnO... . eee  kesat .10 .24 47 .35 17 
MgO... 9.35 4.2 11.95 10.40 9.00 8.98 6.84 7.91 8.37 
G..... 12.50 12.6 10.2 9.80 11.75 11.37 10.95 11.16 9.20 
Na2O.. 1.55 2.1 .85 2.00 2.65 1.83 1.58 1.70 2.61 
K,0... .06 3 .95 .30 .40 .40 .14 27 .79 
H,O+ = 0s {.75 1.00 .55 .64 .34 .49 .60 
H,O- .05 \.3 .03 15 .25 .03 14 19 
POs. .07 2 .2 .05 .10 .12 .09 11 .20 
100.40 100.10 100.35 99.48 101.20 100.63 100.22 100.46 100.00 
a... Bae Bae :...... 2.92 2.99 2.96 3.003 2.980...... 
*1, From near Brits, northwest of Pretoria, just below magnetite band. E. G. 


te 


*3. 


— 


= 


> 


Radley, analyst. 


. From Corporation quarry, Pyramids, north of Pretoria. A. L. Hall and 


A. L. du Toit: Transactions of the Geological Society of South Africa, 
volume 26, 1923, page 85. H. G. Weall, analyst. 

From near Potgietersrust station, unpublished analysis for A. L. Hall by 
Weall. Contains 0.1 per cent of Cr,O, and a trace of NiO. 


. From western part of Palmietfontein 567 Farm, outer edge of Pilands- 


berg massif. P. A. Wagner: Memoir 21, Geological Survey of South 
Africa, 1924, page 72. Weall, analyst. 


. Medium-grained, spotted norite forming country rock of titaniferous iron 


ore, Mamagalieskraal 413 Farm, northwest corner of Pretoria sheet. 
Weall, analyst. 


. Average of analyses 1 to 5, inclusive. 

. Chilled floor phase, one mile south of Sjambok station. Radley, analyst. 
. Average of columns a and 6. 

. Average “world” norite (24 analyses). 





* New analysis. 
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TasBLe VII.—Norms 


1 6 
Number Number 
3086 3064 


I ede vides awetetenes 3.72 2.76 
IN So «Sic cerncek nine cies cae .56 1.11 
SNE naar did ean a ane aed 13.10 13.62 
Ps oR eiie on doe cunaeenss 29.47 43.09 
Ee ee ee 25.84 8.47 
PIII. 55 wines tiered tint 26 . 36 29.52 
PIN Si ctecb ee tandiss .46 .46 
RN «cw ocieucicmacecaaasen 46 .61 
(RGF ONG n OT steak 34 34 
PINE Bares ia Ah ins Bed oe a ene on .29 .37 ’ 





100.60 100.35 


A comparison of column 6 and column a of Table VI shows that speci- 
men number 3064 itself nearly represents the average composition of the 
main noritic body as a whole. If, as seems probable, the floor phase 
is the direct solidified product of the original basic magma, the simple 
average of columns 6 and a, shown in column b} of Table VI, may give 
a slightly better approximation to the average norite of the Complex 
than column a gives. 

Normal norite.—A large number of specimens were collected at well 
distributed localities in the coarser norite, the great interior phase of 
the main body of basic rock. Of these specimens number 3086 was 
selected for analysis as approximating to the average material of this 
middle part of the “layer.” The specimen was taken near Brits railway 
station (Pretoria map sheet, latitude 25° 36’ 30” south, longitude 27° 
47’ east). The outcrop exhibits a platy, “fluidal” structure, such as is 
common even in the most massive ledges of the coarse norite. The 
parallelism of the dominant feldspars is yet more marked in the thin 
section. This platy arrangement of the minerals, also extraordinarily 
shown in the pyroxenites and other bands, is not a pencil or linear- 
parallel but a plane-parallel structure. It is not the product of any 
kind of metamorphism, but is doubtless due to flow or shear as the rock 
crystallized—a thoroughly primary feature. It is most manifest in the 
deep-lying pyroxenites and some of the associated bands; usually less 
marked in the massive norites; and still less so in the granophyre and 
granite, both of which, however, show in large outcrops a rifting that 
is probably connected with the shearing of the more basic rocks. 

Specimen number 3086 is a fresh, dark, speckled gray, medium- 
grained, typical gabbroid rock, composed essentially of basic labradorite 
(Ab,,An,,), diallage, and bronzite, with accessory apatite. Iron oxides 
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are almost completely unrepresented. The bronzite is, as usual, multiply 
twinned and has low angles of extinction in sections parallel to the c 
axis, suggesting that the pyroxene is analogous to clino-enstatite.® 

The analysis of number 3086 is given in Table VI (column 1), its 
norm in Table VII. Like that of the floor phase, the analysis works 
out as auvergnose. 

For comparison two older published analyses of the massive norite 
and a third and fourth, unpublished and kindly supplied by Dr. Hall 
and Dr. Wagner, respectively, are entered in columns 2-5 of Table VI. 
The average of all five is given in column a, which, with column 0, may 
be compared with the analyses of the average “world” norite, given in 
column c. The Bushveld norite is seen to be nearly orthodox, with the 
notable exception that both the alkalies are much lower than in the world 
average. In that respect the Bushveld norite contrasts significantly 
with the average “world” basalt (carrying 3.1 per cent of soda and 1.5 
per cent of potash) and with the average plateau basalt (carrying 2.9 
per cent of soda and 1.0 per cent of potash). 

Highly mafic rocks of the principal banded division.—Owing to pre- 
vious publication of analyses of strongly basic types, no new chemical 
work on such rocks has been done for the writer. Table VIII (columns 
1 and 4) states older analyses of pyroxenites, quoted from the writings 
of Wagner and Henderson. Columns 2 and 3 of the same table give 
hitherto unpublished analyses of pyroxenites supplied by Dr. Hall, and 
columns 5-7 state the analyses of the noteworthy platinum-bearing 
hortonolite dunite, of serpentinized dunite, and of harzburgite, all de- 
scribed by Wagner. 





8P. A. Wagner: Memoir 21, Geol. Survey of South Africa, 1924, p. 41. 
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TaBLeE VIII.—Pyrozenites and Peridotites 


1 2 3 4 5 6 7 
SA Pe .. 55.23 55.4 55.4 55.30 34.25 35.90 41.2 
, Repeat .44 a 1 .10 .05 as 25 
Bi: BS 28 28 2 £8... 1.20 
Ree 3.94 nil nil 45 2.90 7.85 4.0 
| Ee 6.25 9.35 9.65 10.05 35.55 12.50 8. 
ee fas 15 15 15 400... 10 
MgO....... ..... 29.29 32.45 30.85 29.80 22.00 35.80 34.40 
this nes alec: 1.68 45 65 1.80 2.35 .... 1.35 
Piss <aen sous n. d.| ‘ ie .30 .20 20 
Rd sacatninisist re uae, ee . ee 30 
OS ere * nil 2.70 5.2 
Se ae jae i ie fa - ee 5 
MR ccksue cia ako. s 3 .20 eee nil 
Sissy sceten baes 65 ' ae .10 3.20 
ee Bee wWaed witea 15 .20 tr. .35 


100.03 100.50 100.30 100.65 99.85 95.80 100.25 
Specific gravity.... 3.297 .... hark 3.34 > ee 3.01 


1. Pyroxenite, Central Marico district. J. A. L. Henderson: Inaugural Dis- 
sertation. Leipzig, 1898, page 39. 

*2. Pyroxenite, Jachtlust, Olifants River. Collected by A. L. Hall. Unpub- 
lished. Weall, analyst. 

*3. Pyroxenite, Malips Drift, Olifants River. Collected by A. L. Hall. Un- 
published. Weall, analyst. 

4. Bronzitite, 200 yards northeast of number 1 shaft, Vlakfontein 902 Farm. 
P. A. Wagner: Memoir 21, Geological Survey of South Africa, 1924, page 
49. Weall, analyst. 

5. Hortonolite dunite from Onverwacht 330 Farm, Lydenburg district. P. A. 
Wagner: Transactions of the Geological Society of South Africa, vol- 
ume 28, 1925, page 7. Weall, analyst. 

6. Partial analysis of serpentinized olivine dunite, same locality as last. 
P. A. Wagner: ibidem, page 10. Weall, analyst. 

7. Harzburgite from Vlakfontein 902 Farm. P. A. Wagner: Memoir 21, 
Geological Survey of South Africa, 1924, page 49. J. Moir, analyst. 





Table IX gives six analyses of the extensive bedlike lenses of chromi- 
tite, which characteristically lie parallel to the adjacent bands of py- 
roxenite, anorthosite, and mafic norite. 





* New analysis. 
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TABLE IX.—Chromite Ore 





1 2 3 4 5 6 7 

RRR ee an 4.40 0.4 5.00 2.10 7.63 12.70 
0 Ry cr 2.40 19.70 13.85 18.48 17.23 13.7 — 
Pe eee 51.29 46.40 44.25 41.31 37.03 35.30 68 .00 
TE conan Rtkaicaael, ahaha 65 50 nd. 71 2.10 aol 
MS ee ee eer 23.33 25.77 26.20 25.84 23.95 19.60 32.00 
Sr .60 aioe — weil eae ate pate 
eee 4.32 8.55 9.40 9.19 9.94 13.45 
Ue ree .10 15 n.d. 2.00 2.05 
SS A .40 toe — 5 ai apne ae 
Teel HO... ...... 12.10 .10 15 2.43 13 ..08 

99.96 101.67 99.50 99.30 99.95 99.93 
Specific gravity....  .... 4.46 oe re wee Risisis 
1. Mooihoek 147 Farm. A. L. Hall: Explanation of Sheet 8, Sekukuniland, 


rw 


os 


gt 


1911, page 37. Bears traces of P. and S. Analyst, T. Wayne. 


. Palmietfontein 567 Farm. P. A. Wagner: Memoir 21, Geological Survey 


of South Africa, 1924, page 67. Analyst, H. G. Weall. 


. Kroonendal 177 Farm, Rustenburg district. P. A. Wagner: South African 


Journal of Science, volume 20, 1923, page 223. Analyst, Weall. 


. Elandsdrift 284 Farm, Rustenburg district. P. A. Wagner: ibidem, page 


223. Analyst, in laboratory of the Partington Iron Works. 


. De Kroon 420 Farm, Rustenburg district. Contains 0.17 per cent of P.O; 


and 1.16.per cent of Mn,O,;. Wallace and Clark, analysts. From P. A. 
Wagner: ibidem, page 230. 


. De Kroon 420 Farm, Rustenburg district. Contains 0.15 per cent of P,O, 


and 0.80 per cent of Mn,O,. Wallace and Clark, analysts. From P. A. 
Wagner: ibidem, page 230. 
Theoretical composition of chromite. 


From the many varieties of noritic bands that show transitions to 


pyroxenite in one direction and pure anorthosite in the opposite direc- 
tion Wagner selected three for analysis. These analyses are quoted in 


Table X (columns 1-3). 
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TaBLE X.—Abnormal Norites, Anorthosites 


1 2 3 4 5 6 7 
Number 
3356 

SiOg.............. 52.55 51.50 49.45 47.48 48.25 50.45 50.85 
WS ox ewee ewes .40 .20 .05 tr. .05 .10 -25 
SA 5.85 5.40 21.80 32.34 30.60 27.40 22.30 
RR eee 1.45 2.40 nil .70 .90 1.10 1.10 
ERE rete 8.65 11.00 4.45 .38 .95 1.55 4.15 
ree 15 wee ‘deans .19 nil .20 .10 
Ore 26.20 21.95 11.05 .38 .65 .15 4.60 
re 3.30 5.40 12.45 16.00 17.75 12.90 13.65 
RS gir aiot oe ap a0 .90 .90 .90 1.92 .60 3.85 2.65 
See .65 tr. .05 .43 .10 .50 .05 
EE es .30 .40 .30 .23 .25 2.10 40 
Oe . 25 .45 .10 .04 15 .55 25 
Ae xicrdceiy .05 .10 .20 .20 .25 .05 .05 
8 re tr. nil : ee ee 





100.70 99.85 100.80 100.35 100.50 100.90 100.40 
Specific gravity.... 3.21 3.260 2.92 &: a} ee 2.94 


1. Pyroxenitie olivine norite, Vilaklaagte 511 Farm. P. A. Wagner: Memoir 
21, Geological Survey of South Africa, 1924, page 37. H. G. Weall, 
analyst. 

2. Pt-bearing, pyroxene-rich norite, from Winnarshoek 349 Farm. P. A. 
Wagner: South African Journal of Industries, bulletin 102, 1925, page 
17. Weall, analyst. 

8. Anorthositic norite from Vlakfontein 902 Farm. P. A. Wagner: Memoir 
21, Geological Survey of South Africa, 1924, page 61. Weall, analyst. 

. Anorthosite from Vlakfontein 902 Farm, Rustenburg district. Contains 
0.04 per cent of CO,, in total given above. E. G. Radley, analyst. 

5. Anorthosite from Vlakfontein 902 Farm, Rustenburg district. P. A. Wag- 
ner: Memoir 21, Geological Survey of South Africa, 1924, page 4. 
Weall, analyst. 

*6. Analysis, by Weall, supplied by P. A. Wagner; mottled labradorite- 
anorthosite occurring immediately below titaniferous iron ore, Mamaga- 
lieskrall 413 Farm. Compare norite, column 5, Table VI. 

*7. Analysis, by Weall, supplied by P. A. Wagner; fine-grained facies of 
spotted norite from same locality as number 6. 


* 
_ 


* New analysis. 
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TaBLe XI.—Norms of Anorthosites 


4 5 
Number 
3356 

oa bt vs wa bark Cae aancenn 12 7.02 
Ss ude Sea ec ace 2.22 .56 
REE APR eee ee ee? 16.24 5.24 
G55 5 6-0 stintodsacnctat 78.67 80.34 
EP ee ee ee ees ied 4.83 
SI ds cinais se eral cn domigcs 1.43 re 
SPS ene ee .93 1.39 
NE Sioa oss Saree ou nee ae 15 
Pe eee oe 34 67 
ere Te 33 25 





100.28 100.45 


Anorthosite of the banded phase—In Table X (column 5) is an 
analysis of an anorthosite containing a remarkably small proportion of 
minerals other than basic plagioclase. The writer, when guided by Dr. 
Wagner over the nickel-bearing bands southwest of the Pilandsberg, 
collected a specimen (number 3356) from one of several anorthosite 
lenses exposed on the Vlakfontein 902 Farm (Pilandsberg map sheet— 
latitude 25° 18’ south, longitude 26° 53’ east). In ignorance of the 
fact that one of Dr. Wagner’s specimens of anorthosite from the same 
farm was being analyzed’ at the Survey, the writer commissioned Mr. 
Radley to determine the principal oxides in number 3356. The result 
is shown-in column 4 of Table X. 

The contrast seen in the two analyses (columns 4 and 5) offers an 
interesting problem. In a personal letter Dr. Wagner has confirmed his 
published statement that Mr. Weall’s analysis matches perfectly the 
kind of plagioclase, bytownite-anorthite, Ab,,Ango, determined by optical 
means. On the other hand, three different determinations of the alkalies 
in number 3356 by Mr. Radley agreed very closely and corresponded 
almost exactly with the determination of the plagioclase in this rock 
made by optical methods, including that of the refractive indices. The 
conclusion seems inevitable that the two specimens came. from two dif- 
ferent bands of anorthosite, which certainly in the field must have looked 
very similar. The conditions under which two neighboring beds of 
nearly pure feldspar could be formed with such difference in the con- 
tent of alkalies form an engaging subject for future speculation. 

Specimen number 3356 is a fresh, very homogeneous, light gray to 
almost white rock, like Wagner’s specimen in “bearing a deceptive re- 
semblance to rather coarsely crystallized marble.” It is a uniform mass 
of bytownite, near Ab,,An,o, inclosing a few small grains of clear bronzite 
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and diopside. Rare, small plates of ilmenite and some needles of apatite 
are the only other constituents observed. Quartz could not be found 
in the thin section. Some slides exhibit a certain amount of strain in 
the feldspars—a slight bending or fracturing or forking of the twinning 
traces—others do not. In general there is nothing to correspond well 
with the protoclastic habit of the feldspar in the Canadian and other 
anorthosites. Whatever may be the fact, there is no microscopic evi- 
dence to show that the Bushveld anorthosite was a “raft” of crystals 
assembled in the freezing magma by gravity and then lithified. 

The norms of number 3356 and of the analysis of Wagner’s speci- 
men (Table X, column 5) are stated in Table XI. Both analyses fall 
in an unnamed presodic subrang of the percalcic rang, canadase, of the 
Norm classification. 

After this paper was prepared for the press, Dr. Wagner kindly fur- 
nished hitherto unpublished analyses of three rock types collected from 
adjacent bands on the Mamagalieskraal 413 Farm (northwest corner 
of the Pretoria Sheet quadrangle). One of these, a normal norite, is 
given in column 5 of Table VI. A second analysis, given in column 7% 
of Table X, is that of a more anorthositic phase, a fine-grained, spotted 
norite. The third analysis, given in column 6 of Table X, is of special 
interest because it represents a band of anorthosite high up in the main 
norite body. The rock is evidently richer in soda than either of the 
anorthosites collected from the much deeper bands on Vlakfontein 902 
Farm. In his letter Dr. Wagner writes: “The analyses are typical of 


“the composition of the rocks associated with the titaniferous iron ores 


of the Bushveld Complex.” 

Beds of titaniferous magnetite-——While the magnetite lenses of the 
lower horizons of the noritic body are chromiferous, the much greater 
bands of this ore, all in the upper horizons, are rich in titanium. With 
the regularity of beds in a sedimentary series, the ore bands extend for 
many kilometers along the strike, following the rift or banding of the 
norite above and below. The total tonnage must be very great. Where 
erosion has been favorable, as near Magnet Heights, in Sekukuniland (on 
the map, figure 1, one centimeter north-northeast of the Spitzkop), the 
exposures are highly impressive, even dramatic (see figure 9). At 
many places the magnetic field is so strong that one may be amused by 
watching the behavior of 6-inch iron nails placed on the outcrop. As 
specimens are broken out, the finer debris from the hammer speedily 
assumes the forms of thick, black beards along the broken surfaces of 
the bedrock. 

The magnetite rocks, though well worthy of monographic treatment, 
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can not be discussed here in detail; however, a word may be said about 
one of their remarkable features. Usually the ore is nearly pure, but 
at some places, as in the Magnet Heights bands, it incloses multitudes 
of isolated, idiomorphic crystals of plagioclase. These crystals are 
regularly aligned in the plane of the general banding, as if the mate- 
rial had flowed or had been sheared while the ore was crystallizing. No 


MAGNETITE with 
Blebs of 
Plagioclase 











Fictre 9.—Section showing Layers of Magnetite in foliated (flow-structured) Norite, 
below Magnet Heights 


Seale, 1:290 (24 feet to the inch). Copied from A. L. Hall, Report of the Geo- 
logical Survey for 1909, page 70. 


other silicate-has been found with the feldspar, so that the actual as- 
semblage of the lightest and heaviest crystals in the norite and the 
apparent exclusion of the other essential minerals offers another in- 
teresting problem. 

In Memoir number 26 (1928, page 31) of the Geological Survey of 
South Africa, P. A. Wagner has recently assembled the available good 
analyses of the titaniferous magnetites. His statement of these is here 
essentially repeated in Table XII. 


XLVIII—Butt. Grou. Soc, AM., Vou. 39, 1927 
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TaBLe XII.—Magnetite Ore 
1 2 3 4 5 6 7 8 


eee .70 .70 2.50 1.40 3.03 .40 -70 3.00 
See 20.10 15.20 19.20 13.25 12.60 15.40 19.20 14.30 
EE ee nil 1@ 2.23 6.8 32.2 18 —hlUECO 
Cr.0; peviaseenens .20 Se Si dca ks nea we anes 35 CBC ... 
DRG take. d'¥c4 xhncee 68.80 73.75 64.87 70.34 67.34 67.55 49.40 ....., 
Ne ee 8.90 5.00 8.22 8.09 9.59 11.15 28.50 ...... 
Ae 15 45 65 97 .52 .25 SS 1.48 
Ss erg ee nil nil . 2 ee eo 

| ae 20 «tr .28 54 72 = §@ .i.08 
ee tr 40 .12 15 50 55 Ce ...aa 
ne \ ee ie ed eas = & ..48 

tr 

| See J re rt ee tr. @w ..20 
H,O+.......... 1.00 1.75 nd. nd. nd 7 70 

eee 70 «61.05 nd n.d n.d _—_ 06030 oa 
Ree tr. tr. tr. tr. tr. nil tr. .20 
err tr. n.d. nil .65 1.02 ~ nil tr. oa 
We aw ai ath ee 10 nil .03 .04 .07~—s nil 2 ee 





99.85 100.40 98.07 98.57 98.68 99.75 100.70 
Fe.............. 55.08 55.52 51.80 55.52 54.60 55.95 56.75 60.2 
Specific gravity.. 4.50 4.4 

1-2. Onderstepoort 496 Farm. Analyst H. G. Weall. 

3-5. Onderstepoort 496 Farm. Analyzed in laboratory, Gutehoffnungshiitte. 
6. Mamagalieskraal 413 Farm. Analyst H. G. Weall. 

7. Rhenosterfontein 887 Farm. Analyst H. G. Weall. 

8. Magnet Heights. Analyst J. Moir. 


Uppermost phases of the main noritic “layer.”—At varying distances 
above the zone of magnetite beds the norite begins to show free quartz, 
at first interstitial. Still higher up stratigraphically the quartz crystals 
tend to be poikilitic, as well as to assume graphic intergrowth with 
soda-rich orthoclase. This feldspar, microperthite, and dark, compact 
hornblende increase with the quartz, and biotite becomes a regular acces- 
sory. The basic plagioclases and the rhombic pyroxene gradually dis- 
appear ; augite decreases but persists to the main upper contact. 

These changes are not strictly continuous; on the contrary, the upper 
part of the noritic body is streaky, showing some alternation of more 
mafic and more felsic phases. This fact is illustrated at a section ex- 
posed in a steep escarpment near the Police Post west-northwest of 
Dullstroom—latitude 25° 17’ south, longitude 29° 47’ east. The char- 
acter of the specimens there collected and their stratigraphic distances 
below the upper contact of the norite are noted in the following table: 
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Distance below 

contact, in Specific 
meters gravity 

Hornblende-rich quartz syenite (dike cutting overlying 
quartzite; specimen number 3631)......... OTE Le Ek Nee 2.750 
Hornblende-augite-quartz syenite...................2.. 2 2.821 
Hornblende-augite-orthoclase-quartz gabbro............ 5 2.973 
Hornblende-augite-quartz gabbro...................... 10 2.947 
Micropegmatitic hornblende-augite-quartz gabbro........ 30 2.981 
Hornblende-augite-orthoclase-quartz gabbro............. 70 2.979 
Hornblence-biotite-quartz norite.....................458 82 3.030 
Quartz gabbro transitional to quartz norite.............. 300 2.925 


The quartzite that here overlies the noritic body is apparently a large 
xenolith (Pretoria series), such as are commonly found between the 
main norite and the granophyre-granite member of the Complex and the 
section described exemplifies merely a small-scale, residual separation 
of salic material, a local separation which followed the colossal dif- 
ferentiation of the main norite and granophyre-granite. 

The variability of the main norite near its upper contact is further 
illustrated by three hitherto-unpublished analyses of specimens collected 
by Dr. Hall from the “uppermost portions of the Bushveld norite.” 
In his letter which contained these analyses and conveyed his generous 
permission to quote them, Dr. Hall gives no details other than general 
localities. All. three doubtless refer to the zone above the zone of 
magnetite beds. These analyses are quoted in Table XIII. 


TaBLe XIII.—“Uppermost portions”’ of the Bushveld “Norite’”’ 








1 2 3 

NL 6. ba mitiwketwncuuetene 54.8 62.7 59.2 
ESF anckkeoe cde kossewns $7 .75 1.2 
Rts. Jectraknuctiaceeecns 12.85 13.35 12.3 
Fe203 eevee ccc rerececccccccs 5.25 2.25 4.0 
Rr ee oe 9.0 et 8.7 
I eX dina Ace ube ee kak eon 25 1 2 
MC ininchae Cuca tind arnd .55 .35 55 
SE eye eee 6.15 3.6 5.5 
ERT ene ee etme 3.4 3.65 3.65 
| __ SEEEY RR e ee ee On Sono 2.5 3.65 2.3 
RE Ne ee Path dy eae aie’ .95 .65 a 
EE ocr ois d aciee pa ere ks 1.15 3 6 
REE Pee per er mere keene 35 15 3 

98.90 99.20 99.20 
Specific gravity.............. 2.96 2.75 2.86 


1. Northeast of Pretoria. H. G. Weall, analyst. 
2. Due west of Potgietersrust. Weall, analyst. 
3. Stoffberg, north of Middelburg, just below roof. Weall, analyst. 


These analyses are new. 
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At its contact with the quartzite in the section near the Police Post, 
the igneous rock is a mafic quartz syenite or granite, which forms a sheet- 
like phase, paralleling the contact and varying in thickness from zero 
to 5 or 10 meters. The perfect transition downward into gabbroid 
types and then into normal norite indicates differentiation in place. 

At intervals along the high escarpment of Sekukuniland, for at least 
25 kilometers northward from the Police Post, the mafic quartz syenite 
sends narrow apophyses into the feldspathized quartzites of the great 
xenoliths and also into the base of the overlying granophyre. A fresh 
specimen (number 3631) from one of the apophyses has been analyzed. 
It serves to represent approximately the composition of the quartz-syenite 
sublayer from which the dike came. 

The dike inclosing angular fragments of the surrounding greatly red- 
dened and feldspathized quartzite (locally migmatitic material?), was 
found in a deep canyon running through the Keerom 473 Farm (Lyden- 
burg map sheet—latitude 25° 8’ south, longitude 29° 46’ east). The 
rock is medium-grained, rather dark brownish red, but is speckled with 
lustrous crystals of black hornblende. The other essential minerals are 
microperthite, soda-orthoclase, and poikilitic and interstitial quartz 
Magnetite, apatite, and a little deep-colored biotite are accessories. The 
compact hornblende is strongly pleochroic: a, olive green; b, deep brown 
to opaque; c, deep reddish brown to opaque. No micropegmatite was 
seen. 

The analysis of number 3631 is given in column 1 of Table XIV, its 
norm in column 1 of Table XV. The analysis is an adamellose of the 


Norm classification. 


TaBLeE XIV.—Mafic Quartz Syenite and Hornblende Granophyre 





a sates 
3631 3278 

RE ee rr 65.39 61.93 
- A eee re me .78 .85 
I i. as wa leace'o.9:@ <istiek bau 13.92 13.28 
Fe2O, weTTrTeTrreei ee 1.06 3.58 
REA eee rm ree 6.44 7.04 
EP ee ee .39 .14 
alte Aa ae 20 37 
Me i ak CaGinns saan vasies 2.86 4.15 
Ee Pere Par ee 4.00 3.78 
BR oso Wain MURS seme oe 4.12 3.33 
0 Re ere Serr Te .85 1.16 
Rr ep .19 .30 
rere: es .18 .16 

100.38 100.07 


Specific gravity............ 2.750 2.786 
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1. Hornblende-rich quartz syenite dike emanating from the main norite and 
cutting quartzite and granophyre; near 4,400-foot contour, in deep gorge 
east of Keerom 473 Farm, Sekukuniland. E. G. Radley, analyst. 

9, Granophyrie hornblende-augite syenite, Haakdoornlaagte 504 Farm, 12 
miles north-northeast of Pretoria. Radley, analyst. 

These analyses are new. 
TaBLE XV.—Norms 





on A 
363 278 

Ee ee ee ee 16.68 16.62 
oo eb Sachicca 24.46 19.46 
Rs score <a ciere bs Wieere WI 34.06 31.96 
Pre ree ee 7.51 9.45 
| arr 5.18 9.10 
errr re 8.06 4.81 
CO Sere 1.62 5.34 
| errr re 1.52 1.67 
BE 5 6.458 sGnneapuewe esis ‘ 34 34 
WEE go hos sce ce reredt ewe 1.04 1.48 

100.47 100.23 


About 160 kilometers west-southwest of the 3631 locality, and north 
of Pretoria (Pretoria map sheet—latitude 25° 36’ south, longitude 28° 
18’ east), a somewhat similar rock (specimen number 3278), occurs at 
the top of the norite proper. For lack of sufficient outcrops its gradual 
transition to true norite was not observed. On the other hand, a gradual 
merging into fairly typical, more salic granophyre farther north (strati- 
graphically above) was manifest. However, it is probable that the lenses 
and dikes of mafic quartz syenite of Sekukuniland and the rock now to be 
described are of essentially the same origin, all being uppermost dif- 
ferentiates from the main noritic body. 

Specimen number 3278 is a fresh, medium-grained, pinkish red rock 
dotted with black hornblende. This essential mineral is closely similar 
to that in number 3631. It is accompanied by soda-orthoclase, a little 
oligoclase (often surrounded with thick shells of soda-orthoclase), augite, 
and quartz. The quartz and orthoclase form a fairly abundant meso- 
stasis of micropegmatite. The rock may be called a mafic granophyric 
hornblende-augite syenite. It analysis is given in column 2 of Table 
XIV, its norm in column 2 of Table XV. The rock is a dacose near 
adamellose. 


SILLS CUTTING THE TRANSVAAL SYSTEM OF SEDIMENTS BENEATH THE 
MAIN NORITE 


The basic sills of the lowest “layer” of the Bushveld Complex (a few 
are shown diagrammatically in figure 2) are mapped throughout almost 
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the whole of the basin outcrop of the Pretoria series. They are most 
numerous and thickest in the eastern part of the Bushveld. In that 
region a few thin sheets occur also im the deep-lying Black Reef series, 
and some that crop out over a much longer stretch have been found in 
the Dolomite series. There and elsewhere, however, these intrusions 
are especially developed in the thick Pretoria series, making one of the 
finest groups of sills in the world. Their thickness ranges from a few 
meters to 300 meters or more. They follow the bedding-planes with 
considerable regularity. 

Most’ of the petrographical study of the sills has been made by Hall. 
None, not even the thickest, is known to have been systematically dif- 
ferentiated. Most of the sheets have nearly the same chemical composi- 
tion, though some diversity has been proved. Hall found a thin sill in 
the Black Reef series to be an ordinary ophitic diabase without any 
rhombie pyroxene.® He describes another sheet of true diabase in the 
dolomite. Still other sills are “allied to diorite,” carrying green horn. 
blende, andesine-labradorite, and ilmenite, the plagioclase being often in 
graphic intergrowth with quartz. At the Haartebeestpoort section, 35 
kilometers west of Pretoria City, the sill rocks in the Pretoria series, 
just beneath the main norite, are listed by Hall and du Toit as grano- 
phyrie quartz-mica norite, mica bronzitite, olivine bronzitite, horn- 
blendite, and pyroxenite.*° These determinations suggest, incidentally, 
that pyroxenite, a heavy differentiate of the noritic magma, was mobile 
enough to be injected into the floor of the norite as thin sills. The 
question whether the pyroxenite was a true magma is further suggested 
by Kynaston’s observation that this rock, where it exceptionally makes 
contact with the Archean granite near Potgietersrust, exhibits a specially 
fine grain, as if chilled against the granite.** 

In spite of such deviations from the rule, the sills in general appear 
to have very nearly the same composition as the average rock of the 
main norite. In fact, at some places, especially at the east end of the 
Complex, the uppermost sills cut across the bedding of the sediments 
and merge into the coarse norite itself. 

A fresh specimen (number 3342), selected as rather well representing 
this most abundant material of the sills, was selected for analysis. It 
was collected in an unmapped part of the eastern Transvaal, on the De 
Groote Boom 214 Farm (latitude 24° 46’ south, longitude 30° 21’ 30” 


*A. L. Hall; Ann. Rep. Geol. Survey of the Transvaal for 1906, p. 92. See also 
Report for 1907, p. 54. 

A. L. Hall and A. L. du Toit: Trans. Geol. Soc, South Africa, vol. 26, 1923, p. 81. 

" H. Kynaston: Annual Rept. Geol. Survey of the Transvaal for 1908, p. 19. 
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east). It cuts shale-hornfels lying between two strong beds of quartzite, 
probably of the Magaliesberg group. 

The specimen is a medium-grained, greenish gray rock of diabasic 
look, composed essentially of pale augite and labradorite (Ab,,An,,). 
Roundish grains of colorless olivine are fairly numerous, magnetite 
(probably titaniferous) and apatite are accessory. No quartz was found, 
nor could any rhombic pyroxene be identified. Though the texture is 
locally ophitic, it is not decidedly so, and the rock may be called a some- 
what abnormal olivine-bearing diabase with a tendency toward gabbro. 

The analysis of number 3542 is given in column 1 of Table XVI, its 
norm in column 1 of Table XVII. The analysis falls in auvergnose of 
the Norm classification. It corresponds closely with that of the floor 
phase of the main norite and with the average analysis of the main 
norite as a whole; in each rock the alkalies are lower than in normal 
diabase or basalt. For ease of reference the norite analyses are repeated 
in columns 3 and 4 of Table XVI. 

These similarities, together with the field observations, especially those 
of Hall, strongly indicate that most of the sills and the floor phase of 
the main norite represent the original nature of the basic magma when 
the main basic part of the Bushveld Complex was being emplaced. 
Clearly, too, the comparisons show the justice of the view that the sills 
should be included in the geological unit called the Bushveld Complex. 


TaBLE XVI.—‘“‘Diabases”’ of Sills and Gabbro of the Pretoria Dike 


1 2 3 4 5 6 
Number Number Number Number Number 
3542 3577 3064 3165 3163 
Reh See ae 50.80 54.16 51.45 51.80 49.09 51.98 
| RS AIS gre a 1.32 .80 34 .27 4.97 4.87 
Bass ac oe eeNseeeewns 16.41 16.16 18.67 17.95 10.93 12.86 
Ss ok emin de orkid .20 .64 .28 46 3.79 2.09 
ca 8 oe eh cine aah A 10.79 8.63 9.04 7.85 11.84 10.59 
RS nieces «pace Mae ee dl 47 .35 :47 .35 .79 .50 
SRR en Bae 5.84 5.24 6.84 7.91 4.90 2.68 
eR a Pree ee te 10.69 10.15 10.95 11.16 8.58 8.30 
RR cet erent 1.91 1.79 1.58 1.70 2.16 3.18 
SSR eter ee .42 .80 .14 .27 1.26 1.18 
Bs vaxsred us Lontains 1.07 1.10 34 .49 1.37 1.37 
RRR a pana .10 .32 .03 .14 17 .07 
EE oie Oe ee ica God aiee es .16 ll .09 ll 24 . 36 
Boh di cleckheeeainenst Seen sts - .28 08 
eee ere ee .03 03 








100.18 100.25 100.22 100.46 100.40 100.14 
Specific gravity............ 3.048 2.950 3.003 2.980 2.986 3.019 
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*1. Abnormal diabase, sill in Magaliesberg shale, De Groote Boom 214 Farm, 
E. G. Radley, analyst. 

2. Abnormal diabase, sill in the main norite, Signal Hill, Sekukuniland. 
Radley, analyst. 

. Chilled floor phase of the main norite (see Table VI, column 6). 

. Average analysis of the main norite (see Table VI, column bp). 

. Gabbro of the 30-kilometer Pretoria dike, near railway at angle in bound. 
ary between Groenkloof 419 and Blauwrandjes 484 farms, south of 
Pretoria. Radley, analyst. 

*6. Micropegmatite-bearing gabbro of the Pretoria dike, near railway seven 

miles south of locality of number 3165 (column 5). Radley, analyst. 


. 


* 


Cl ® CO 


TABLE XVII.—Norms 








Number a sein Number 
3542 3577 3165 3163 

Quarts...... pe ee 2.22 8.04 6.42 7.74 
Orthoclase. .... Vessres 2.22 5.00 7.78 7.23 
ER aa china alace pe ; 16.24 15.20 18.34 27.25 
MNS vp waite Meese eres 35.03 33.64 16.12 16.96 
I aid. ckviwn cance 14.35 13.14 20 . 66 18.19 
Hyperstheme.............. 25.92 21.22 13.73 8.08 
Magnetite..... ri lites .23 .93 5.57 3.02 
DEG Sad bee's cameos ce 2.43 1.52 9.42 9.27 
Da ee a ame 34 . 34 .67 1.00 
| ee ine 5 1.17 1.42 1.85 1.55 

100.15 100.45 100. 56 100.29 


COARSE PINK GRANITE INTRUSIVE INTO THE MAIN NORITE 


The stratiform members of the Complex having been considered, the 
remaining member, the fifth, may now be briefly described. This is 
the coarse granite that forms dikes at several places in the main norite 
and appears elsewhere to traverse the norite in the form of true stocks— 
that is, relatively small bodies without known floors, and thus of batho- 
lithic form (see figure 1; also the apparently stocklike body shown in 
figure 2). 

Kynaston clearly showed the diking and brecciation of the norite by 
coarse granite in the long outcrop of the norite stretching northward 
from Potgietersrust.'* He noted the similarity of this granite to the 
principal coarse granite of the central part of the Complex, but gave no 
details. A few kilometers to the south, as Wagner found (personal com- 
munication), the norite is cut by half a dozen dikes of “pink Bushveld 
granite,” the largest about 30 meters wide. At Magnet Heights, 


*New analyses. 
12H. Kynaston: Ann: Rept. of Geol. Survey of the Transvaal for 1908, pp. 18 and 22; 
also explanation of map sheet number 7, Geological Survey of South Africa, 1911, p. 50. 
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Sekukuniland, a short distance north-northeast of the Spitzkop (see fig- 
ure 1), Hall had noted dikes of coarse granite cutting the main norite. 
Not far to the east is the large, elongated mass of coarse granite mapped 
by Hall on map sheet number 8 (Sekukuniland) of the Geological Sur- 
vey. In 1922 Dr. Wright proved that this body cut the norite, making 
with it a typical, very fine plutonic breccia. 

Along the top of the long ridge formed by this body the granite con- 
tains half a score of big xenoliths of quartzite, the bedding of which 
strikes and dips very differently in the various blocks. Inasmuch as 
similar great xenoliths occur in the granite overlying the norite of the 
extensive Sekukuniland plateau, a few kilometers to the west, it might 
be conceived that the more easterly body represents the downfaulted con- 
tinuation of the principal “layer” of salic rocks of the Complex. Some 
color is lent to this idea by the fact that the magnetite beds at Magnet 
Heights, which conform with the regional banding of the norite, seem 
to have been repeated in outcrop by a fault with a downthrow of 100 
or 200 meters to the east. More probably, however, the eastern body, 
thus surrounded on all sides by the norite, is a true stock, the granite 
extending downward well below the bottom of the main norite. Accord- 
ing to this interpretation, the relations would be homologous with those 
found by Kynaston in the Potgietersrust district. 

No chemical analysis of the granite in the isolated body east of 
Magnet Heights has been made, but it is practically identical in min- 
eralogical constitution with the more mafic, analyzed coarse granite of 
specimen number 3593, which was collected on the Sekukuniland pla- 
teau about 11 kilometers west of Magnet Heights. The rock analyzed 
and that of the stock are pink, but the more salic coarse granite of the 
Bushveld (specimen number 3392) has a much stronger, deep-red color. 
In fact, the Bushveld Complex includes two somewhat contrasted gran- 
ites: one, represented by number 3593, clearly younger than the main 
norite, which it cuts; the other, the type represented by number 3392 
or its non-porphyritic equivalent, being more closely syngenetic with the 
norite and overlying it. 


BASIC ROCK BODIES CUTTING THE MAIN NORITE 


The Bushveld amygdaloid, of Karroo age, was poured out over the 
much older Bushveld Complex. Hence there is nothing surprising in 
the fact that the Complex is cut by basic intrusives of the later petro- 
genic cycle. Besides dikes of fresh dolerite (diabase), there is at least 
one extensive body of dolerite of typically Karroo habit, which was in- 
jected, apparently as a horizontal sheet, along the riftplane of the coarse 
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red granite. This sheet, which is at latitude 24° 32’ south and longitude 
29° 29’ east, in the midst of a wide expanse of the granite, was briefly 
studied by a party making a rapid journey along the Olifants River 
valley. It was then thought to be sill-like and about 16 meters thick, 
but the time available for its study was insufficient to determine details, 
The dolerite, however, is clearly intrusive, and Dr. Wagner, who accom- 
panied the party, agrees that it is not directly connected with the Bush- 
veld Complex, considered as a syngenetic unit. 

According to the officers of the Geological Survey, there was an inter- 
mediate magmatic invasion of parts of the Transvaal during or soon 
after Waterberg time. The rock bodies thus formed are numerous sills 
and dikes of diabase, granophyre, and mixed types, injected into the 
Waterberg strata. The petrographic descriptions of these rocks by the 
Survey geologists indicate that these intrusions are of pre-Karroo age; 
yet they are separated in age from the Bushveld Complex by a time gap 
matching one of the most important unconformities in South Africa, as 
well as by at least part of the time occupied by the prolonged Water- 
berg sedimentation. 

There remains to be considered two basic intrusions into the main 
norite of the Complex—intrusions that may belong to the same petrogenic 
cycle as the Complex, though this assumption is far from being proved. 

The injection first to be considered is a 3-meter sill of dark greenish 
gray, fine-grained trap, thrust into the rift structure of the main norite 
just below the contact of the norite with overlying quartzite on Signal 
Hill (Sekukuniland map sheet, latitude 24° 49’ south, longitude 29° 
56’ east). A fresh specimen (number 3577) is composed of common 
augite in ophitic relation with labradorite (Ab,, An,,;). Magnetite, 
apatite, and a little interstitial quartz are accessories. 

The analysis of number 3577 is given in column 2 of Table XVI, 
its norm in column 2 of Table XVII. According to the Norm classifica- 
tion, the analysis is bandose close to auvergnose. The rock may be 
called a diabase, but it is somewhat abnormal because of its relatively 
high content of silica and its low content of alkali. 

Another comparatively late injection is a dike running through the 
city of Pretoria. It is about 30 kilometers long and 70 to 100 meters 
wide. Since it is hoped that Dr. du Toit will publish a special account 
of this dike, few details concerning it will be given here. Specimens 
representing two phases, collected under the guidance of Dr. du Toit, 
have been analyzed and the results are now published for record. The 
dike is gabbroid throughout and is not far from uniform in composition. 
The two analyses show fairly well the extent of the variation along the 
30 kilometers of outcrop. 











tude 
‘iefly 
fiver 


nick, 
ails, 
om- 
ush- 





PETROGRAPHY OF THE COMPLEX 745 


A slightly more mafic specimen (number 3165) was taken on the 
Pretoria-Johannesburg Railway about 7 kilometers south of Pretoria 
(Pretoria map sheet—latitude 25° 49’ south, longitude 28° 12’ east), 
where the dike tranverses the Great Dolomite. The specimen is fresh, 
medium-grained, and dark gray with a greenish coat. The essential 
ininerals are augite, much of it showing diallagic parting, and labradorite 
(Ab,ADgo). Some of the labradorite crystals are inclosed in narrow 
shells of more acid mixtures—andesine to acid oligoclase. Traces of 
compact pleochroic green hornblende, with ilmenite, apatite, and rare, 
small flakes of biotite, are accessory minerals. In addition, a mesostasis 
of quartz-soda-orthoclase micropegmatite makes up about 5 per cent of 
the rock by weight. The texture is the hypidiomorphic-granular. 

The analysis of number 3165 is given in column 5 of Table XVI, its 
norm in column 3 of Table XVII. The analysis is a vaalose on the 
border line with camptonose of the Norm classification. The rock is a 
nearly normal, slightly granophyric gabbro. 

The second analyzed specimen from the dike (number 3163) was col- 
lected near the railway, some 500 meters north of Pinedene station 
(Pretoria map sheet, latitude 25° 54’ south, longitude 28° 13’ 30” 
east), and thus about 11 kilometers from the locality of number 3165. 
The field habit and the detailed mineralogy and structure are nearly 
identical with those of the other specimen. The green hornblende here 
constitutes ahout 2 per cent of the rock; it often forms orientated shells 
about the augite. There is also an increase in the micropegmatite to 
about 12 per cent of the rock by weight. The feldspar of the inter- 
growth, always cloudy, seems again to be an orthoclase rich in soda and 
it is locally microperthitic. The quartz tends to be poikilitic, inclosing 
plagioclase and augite. The plagioclase varies from Ab,An,. to 
Ab,,An,;. Here, too, no rhombic pyroxene was observed. The texture 
tends here and there toward the ophitic, but the rock is best described 
as a granophyre-bearing gabbro. 

The analysis of number 3163 is given in column 6 of Table XVI, its 
norm in column 4 of Table XVII. The analysis falls in the same sub- 
rang as that of number 3165. 

Traced from south to north, the Pretoria dike is seen to cut every 
member of the Pretoria series, as well as the basic sills intercalated into 
those members. It cuts across the main norite up to the horizon of the 
titaniferous magnetite at Bon Accord, north of Pretoria. It has not yet 
been proved to cut the coarse granite, the granophyre, or the felsite of 
the Complex. The high content of titanium naturally suggests the 
query whether the dike is directly connected with the uppermost part 
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of the main norite, from which the great bed of titaniferous magnetite 
was presumably differentiated, but the facts so far observed do not 
clearly indicate such connection. For the present du Toit prefers to 
correlate the Pretoria dike in age with the roughly parallel, very long 
dikes of syenite farther west, which he assigns to a post-Karroo, pre- 
Tertiary epoch of eruption. 


FELDSPATHIZATION OF THE INTRUDED QUARTZITE 


The researches of Hall on the contact metamorphism of the Pretoria 
shales beneath the main norite are among the most notable contributions 
to South African geology.** The metamorphism is profound in two 
senses. On the one hand, the recrystallization has been so thorough as 
to obliterate the bedding planes almost completely. Through thicknesses 
of hundreds of feet the shales have been converted into massive rocks, 
which are strikingly like the migmatitic cordierite rocks of northern Scot- 
land described by H. H. Read. On the other hand, Hall shows that the 
metamorphism is still visible at the enormous depth of over 3,000 meters 
stratigraphically below the main norite. He naturally explains in part 
this unusual dimension of the zone of metamorphism by the heat of the 
many thick sills in the Pretoria series. In part, also, the alteration is 
likely to have been somewhat intensified or, better, prolonged by the 
rise of the isogeotherms, which must have moved upward after the em- 
placement of the Complex, many kilometers in thickness. Clearly, too, 
the metamorphism was greatly facilitated by the connate water in the 
sediments, the water being then more abundant than at present. 

Less attention has been paid to the extraordinary metamorphism of 
the sandstone, which is now ordinary quartzite where it is not greatly 
altered by the heat of the magma. One of the unusual effects of the 
metamorphism in beds immediately underlying the main norite, in ex- 
tensive slabs of quartzite overlying that norite, and in the many big 
xenoliths that are wholly inclosed in norite or coarse granite is an im- 
pressive enlargement of the grains of quartz. The diameters of the 
quartz grains of the unaltered quartzite usually range from a fraction 
of a millimeter to two millimeters. Where the metamorphism is of the 
kind here considered, some of the individual grains have attained diam- 
eters as great as 25 to 50 millimeters; their size is 10,000 to 100,000 
times that of an original grain. 


*% A. L. Hall: Trans. Geol. Soc. South Africa, vol. 11, 1908, p. 1, and vol. 12, 1909, p. 
1119; Proce. Geol. Soc. South Africa, vol. 17, 1914, p. 22; Explanations to map sheets 


7, 8, 11, 13, and 16 of the Geological Survey, and the corresponding memoirs in the 
Annual Reports of the Survey. 
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The effect of this increase is not uniform across the bedding, but 
is regularly most intense within individual beds, the grains in the in- 
tervening, often ripple-marked and sun-cracked beds of quartzite being 
little coarsened. Such differential metamorphism is not easily explained 
and will not be considered here in detail. The writer’s best guess is 
that this remarkable increase in the size of grain took place in the 
originally more porous layers, where connate water was most abundant. 
Along these layers the steam or water-gas in the strongly heated sedi- 
ments was forced and its action was thus also concentrated. The re- 
sulting solution and recrystallization of the quartz is assumed to liave 
led to the coarsening of the grains. The action would thus be somewhat 
analogous to that in a common, coarsely crystallized vein of quartz. 

A second important change in the quartzite is its feldspathization, es- 
pecially where it is in contact with the granophyre or coarse granite. 
This process has affected the sedimentary rocks unequally, and its result 
is most conspicuous in some of the xenoliths. The total volume of 
feldspathized rock must be very great. On account of limitations of 
space, this subject can be only briefly considered here. In fact, little 
more can be done than to record some new chemical analyses, which may 
be useful in future studies of the Bushveld Complex. 

These new analyses are given in Table XVIII, which shows also the 
results of older determinations of the oxides in several specimens of 
Transvaal quartzite. Threé of these older analyses (columns 5-7) repre- 
sent fairly typical, chemically unaltered quartzite, which generally con- 
tains little else than quartz. Incidentally, one may question whether 
any other region of equal area shows so colossal an accumulation of 
sedimentary quartz as is seen in the voluminous Archean, Witwatersrand, 
and Transvaal systems of the Transvaal. 

In order to show the variation in feldspathization, specimens number 
3285, number 3281, and number 3590 were chosen for analysis. Speci- 
men number 3285 was obtained from a xenolith in the mafic, grano- 
phyric quartz syenite (number 3278, Table XIV) just above the top of 
the main norite, at a place 19 kilometers north-northeast of Pretoria, 
just north of the southern boundary of Haakdoornlaagte 500 Farm (Pre- 
toria map sheet, latitude 25° 36’ south, longitude 28° 18’ east), to whicli 
the author and Dr. Wright were guided by Dr. Hall. 

This rock, unlike the usual unaltered gray to white quartzite, is of 
normal, rather fine grain and is decidedly pink in color. Four-fifths of 
its mass is quartz. About 17 per cent by weight is cloudy feldspar, 
soda-rich orthoclase, and oligoclase-albite (Ab,,An,) in about equal pro- 
portions. The subordinate constituents are rare granules of diopsidic 
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augite and magnetite and a few pleochroic green blades of hornblende, 

The analysis of number 3285 is given in column 1 of Table XVIII, 
its “standard minerals” in column 1 of Table XIX. 

Specimen number 3281 was collected from another xenolith in the 
mafic syenite, about 100 meters from the ledge whence number 3285 
was broken. This second rock is much redder in color and contains a 
correspondingly higher percentage of introduced feldspar, here making 
up approximately half of the rock, the quartz forming 45 per cent. The 
species of feldspar are nearly the same in number 3285, but the ortho- 
clase, not so rich in soda, is more abundant than the plagioclase. An- 
other difference is that this specimen contains some feathery micropeg- 
matite, which is developed between the quartz and orthoclase in a way 
to recall reaction shells about other rock minerals. Neither augite nor 
hornblende is represented, their place being taken by a few scattered 
shreds of greenish brown biotite. A few grains of magnetite are acces- 
sory. 

The analysis of number 3281 is given in column 2 of Table XVIII, 
its “standard minerals” in column 2 of Table XIX. The rock has evi- 
dently undergone very intense feldspathization; yet its original cross- 
bedding is well preserved in the outcrop. 


Tasie XVIII.—Feldspzthizel and Norm! Quurtzites of the Transvaal System 





1 2 3 4 5 6 7 
Number Number Number 
3285 3281 3590 
Re eee 92.73 79.25 77.04 89.25 98.77 97.65 96.40 
aes eh air .09 oie ae oe whe 
hacks occa eases 4.16 10.97 12.59 2.20 ne =e trace 
Fe2O3 Peeececerossce .12 .40 .03 3.00 over ene 1.22 
BN ok aS .30 1.05 ) ee hee eka trace 
BR civateceenes eet Rats re peu meee eal 
ee .02 23 .03 2 ee PP trace 
|. ae 27 09 51 ry aie aaa trace 
a eer 1.54 1.90 2.43 ~~‘ trace er oe .60 
Rang ore .74 5.80 5.83 4.00 pate Ske 12 
eee 34 41 50 
0 ee .05 .14 .14 
eee enka ease .12 
100.27 100.24 100.09 100.45 slats pan oe 99.16 
Specific gravity.... 2.615 2.590 2.607 .... acon ae 2.643 


*1. Slightly feldspathized quartzite, xenolith in granophyre. H. E. Vassar, 
analyst. 

*2. Strongly feldspathized quartzite, xenolith in granophyre. Vassar, analyst. 

*3. Strongly feldspathized quartzite (a syntectic product?), xenolith in coarse 
granite. E. G. Radley, analyst. 
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4. Quartzite, McPhatlele’s Location. Sekukuniland. A. L. Hall: Transac- 
tions of the Geological Society of South Africa, volume 13, 1911, page 
14. C. C. Gardthausen, analyst. 

5. Quartzite, Adrian’s Kop, Sekukuniland. A. L. Hall: Ibidem, page 14. 
Gardthausen, analyst. 

6. Quartzite, Signal Hill, Sekukuniland. A. L. Hall: Ibidem, page 14. Gardt- 
hausen, analyst. 

7. Black Reef quartzite, Far East Rand. C. B. Horwood: Transactions of 
the Geological Society of South Africa, volume 13, 1910, page 29. Con- 
tains also 0.82 per cent of FeS,. H. Eckstein Company, analysts. 


TaBLeE XIX.—“‘Standard Minerals”’ 





N wities N aie saatiee 
3285 3281 3590 
ee rere 80.04 44.64 39.24 
GD. ee cscinccas 4.45. 34.47 34.47 
ere re 13.10 16.24 20.44 
ae 1.39 .28 1.67 
Corundum............ .20 1.43 1.73 
Hypersthene.......... .40 2.05 1.55 
ee .23 .70 mee 
| eee a tee 15 
ee be eee 34 
WE ki taka heedasirea .39 .55 .64 
100.20 100.36 100.23 


A third specimen, showing still further advance in the alkalinization 
of normal quartzite, is number 3590. This was broken from a xenolith 
measuring % meters by 3 meters—a block inclosed in coarse red granite at 
the road crossing of the Sekwati River (Sekukuniland map sheet, latitude 
24° 47’ south, longitude 29° 50’ east). The rock is rather fine-grained, 
strongly red, and completely massive, without trace of original bedding. 

Under the microscope the rock is seen to contain about 40 per cent 
of quartz, 50 to 55 per cent of feldspar, and small proportions of brown 
biotite, erystals of dark-green hornblende with occasional cores of diop- 
sidie augite, a few needles of apatite, and very rare specks of iron ore, 
The chief feldspar is a perthitic intergrowth of orthoclase and practi- 
cally pure albite. There is a subordinate amount of plagioclase, prob- 
ably an acid oligoclase. The quartz occurs in clumps formed of round 
grains from 0.5 to 1.0 millimeter in diameter. No graphic intergrowths 
with quartz were found. 

The analysis of number 3590 is given in column 3 of Table XVIII, 
its “standard minerals” in column 3 of Table XIX. The analysis is 


ee) 
*New analyses. 
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nearly that of a normal acid granite. In the field all of the five geolo- 
gists, including Dr. Hall, were impressed with the igneous look of the 
xenolith. To explain it one of the working hypotheses used is that the 
present state of the xenolith may be the result of ultra-metamorphism, 
The secondary magma may, however, never have been quite homogeneous, 
but may have held in it, undissolved, many grains of quartz, such as now 
appear in thin section as rounded individuals, separate and in clusters, 

The genetic problem, which is particularly important on account of 
the big scale of the alteration of the Bushveld quartzites, seems clearly 
to be the same as that so long discussed in relation to the “red rocks” of 
Minnesota (Duluth gabbro-red rock body, Pigeon Point sill) and many 
other regions. Recently Wagner has described similar feldspathization 
and development of graphic texture in the Rooiberg quartzite through 
the influence of invading granophyric and granitic magma." 


RELATIONS OF THE MEMBERS OF THE COMPLEX 
GENERAL STATEMENT 


The general stratiform arrangement of the bodies of rock that consti- 
tute the Bushveld Complex has already been sufficiently emphasized. 
In addition, some details of the relations of the different “layers” among 
themselves and to the younger coarse pink granite have been noted. The 
solution of the ultimate problem—the genesis of the Complex—involves 
further attention to the mutual relations of the bodies in space and in 
time. A summary of the recorded facts and opinions bearing on these 
rather complicated relations may help to illuminate the problem of the 
origin of the Complex, or at any rate should add significance to the 
petrographic features already considered. 

Most of the relevant conclusions reached by members of the Geological 
Survey are stated in the annual reports and in the “Explanations” ac- 
companying the map sheets. The essential facts are given in these 
“Explanations.” 


GRANOPHYRIC GRANITE AND COARSE RED GRANITE 


The granophyric granite generally overlies directly the coarse granite, 
and at many places, as in the Makeckaan Plateau (Wagner, Explana- 
tion of Sheet 17, 1927, page 60), the two rocks grade into each other. 
At some places, however, as at Zaaiplaats, these rocks are separated by a 
shallow layer of pegmatite, as if the granophyric granite crystallized 





“4 P, A. Wagner: Explanation of sheet 17 of the Geological Survey, 1927, pp. 45, 
48. Compare the conclusion of T. T. Quirke (Bulletin, Geological Society of America, 
vol. 38, 1927, p. 753) regarding the large-scale feldspathization of the Lorrain quartzite 
in Ontario by intrusive, salic magma. 
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somewhat earlier than the magma of the coarse granite from which the 
pegmatite was derived.*® 


GRANOPHYRIC GRANITE AND FELSITE 


The granophyric granite (a phase of the coarse granite) penetrates the 
felsite as dikes and brecciates it, assuming a finer grain as it approaches 
the felsite. Pegmatite occurs along the flat-lying contact.%* Near 
Zaaiplaats the writer found dikes of granophyric granite in the felsite. 


GRANOPHYRE AND FELSITE 


The more acid granophyre at some places merges into dense, massive, 
felsitic rock. One example, at the Paardekop, has been noted above 
(see notes from columns 2 and 3 of Table II). Another example was 
observed by the writer on Krokodilpoort 327 Farm, Pretoria Sheet 
quadrangle.’ On Goedgedacht 279 Farm (Lydenburg sheet, page 32) 
Hall found the granophyre resting on the felsite and apparently in- 
trusive into it. 

COARSE RED GRANITE AND FELSITE 


Kynaston and Mellor (Potgietersrust sheet, page 49; Nylstroom 
sheet, page 35; Waterberg Tin Fields, Memoir 4, page 22) remark that, 
though the coarse granite grows fine-grained and granophyric as it 
approaches the felsite, the granite has a sharp, intrusive contact with 
the felsite. The felsite is therefore not regarded as a chilled, marginal 
phase of the granite. This relation is described as visible “along many 
miles of the contact.” Comparison of columns 2 and 5 of Table II 
suggests that some of the felsite represents the effusive equivalent of at 
least a part of the coarse red granite and is thus of contemporaneous 
origin. 

COARSE RED GRANITE AND GRANOPHYRE 


In the southern and western parts of the Bushveld the granophyre 
forms a rather persistent layer between the overlying coarse granite and 
the underlying norite.** The granophyre becomes fine-grained and 


* Kynaston : Pienaars River sheet, p. 15. Mellor: Middelburg sheet, p. 19. Kynaston 
and Mellor: Nylstroom sheet, p. 35. Humphrey: Rustenburg sheet, p. 18. Wagner: 
Mutue Fides-Stavoren Tinfields, Memoir 16, p. 25. Kynaston and Mellor: Waterberg 
Tin Fields, Memoir 4, p. 22. 

*Kynaston, Mellor, and Hall: Potgietersrust sheet, p. 49. Kynaston and Mellor: 
Nylstroom sheet, pp. 35, 36. 

*Compare Kynaston: Pretoria sheet, p. 27; P. A. Wagner, Springbok Fiats (No. 
17), sheet, p. 61, where the transition is again described. 

*Kynaston: Pretoria sheet, p. 27. Kynaston and Humphrey: Supplement to ex- 
planation of the Pienaars River sheet, p. 7. Humphrey: Rustenburg sheet, p. 18. 
Hall: Oral communication, 

XLIX—Bott. Grou. Soc, AM., Vou. 39, 1927 
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compact as it approaches the granite, as if it were intrusive into it” 
Wagner (Mutue Fides-Stavoren Tinfields, Memoir 16, p. 29) at first 
thought that the granophyre of the Stavoren area is a slightly later, 
sheetlike intrusion in the main mass of the granitic rocks, but later 
(Explanation of sheet 17, page 62) concluded that the granophyre ig 
probably a little older than the granite. The similarity of the analyses 
given in columns 3, 4, and 5 of Table II favors the assumption that the 
more acid red granite and the more acid granophyre are the products 
of a single magma. 
GRANOPHYRE AND NORITE 


The granophyre forms a relatively thin, but very extensive, sheetlike 
body between the coarse granite and the underlying norite. The 
granophyre become “exceedingly compact” (felsitic?) as it approaches 
the norite.*° 

COARSE RED GRANITE AND NORITE 


In the area of the Pretoria sheet (Explanation, page 27) Kynaston 
describes the granite as a thick layer overlying the norite. He says that 
their mutual contact is “obscure, not sharp, and characterized by rock 
varieties allied to syenite.” Hall has given convincing proof of the 
same stratigraphic relation, notably in the Lydenburg quadrangle (Ex- 
planation, page 31), where the granite (locally replaced by granophyre 
and felsite) rests on the norite exposed in the deep valley reentrants 
along the ragged escarpment of the Sekukuniland-Tauteshoogte Plateau 
and along the lower slopes of circumdenuded outliers which are capped 
by granite. As already observed, Kynaston, Hall, and Wright have 
shown that some of the coarse granite was intruded into the banded 
and crystallized norite. This distinctly younger pink granite, however, 
differs from the abundant and apparently dominant coarse red granite 
of the central Bushveld. Having particularly in mind the red granite 
of the main “layer” of the Complex, Hall believes that the granite and 
norite had a “common origin.” ** 

Du Toit describes the coarse granite as a “cake” (“layer” of this 
paper) between the norite and its roof.2? Nowhere has the norite been 
found to dike the coarse red granite, and this granite does not appear 
to cut the norite at any point. 


% Kynaston: Pretoria sheet, p. 27. 
2” Kynaston: Pretoria sheet, p. 27. 
™ Hall: Belfast sheet, p. 50. 
2 Du Toit: Geology of South Africa, Edinburgh, 1926, p. 146. 
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NORITE, MIGMATITES, AND GREAT XENOLITHS 


Along a number of stretches of contact, each many kilometers in 
length, the norite is separated from the overlying salic rocks (coarse 
granite or granophyre) by huge slabs of quartzite, which seem to have 
been stoped up from the Pretoria series of beds, below the main norite. 
Some of the larger slabs are shown on the map (figure 1). The density 
of the quartzite is such that it would float on molten norite, but sink in 
molten granite or granophyre. The existence of these regional xenoliths, 
therefore, does not forbid the hypothesis that the coarse red granite and 
the norite were simultaneously molten. Where the quartzite lies in con- 
tact with the norite, the noritic magma apparently reacted with the 
sediments and produced a confused assemblage of migmatites and rela- 
tively salic differentiates. One of these is the mafic quartz syenite of 
the Sekukuniland and Tauteshoogte escarpment (analysis given in 
column 1 of Table XIV). Probably the same zone of reaction and of 
migmatites is represented north and northwest of Pretoria, along the 
slopes west of Potgietersrust, and at still other parts of the norite- 
granite (norite-granophyre) contact. . 


NORITE AND BASIC SILLS BENEATH 


One can not but agree with Hall in assuming essential contempor- 
aneity for the main norite and at least some of the numerous sheets that 
intrude the rocks of the underlying Transvaal system. He has traced 
the uppermost sills directly into the norite. The chemical similarity 
between the norite and the analyzed sill (columns 1 and 4 of Table XVI) 
means that the two magmas were essentially identical and were there- 
fore erupted at the same stage of the petrogenic cycle. On the other 
hand, the repeated diagnoses of some of the sills by the Survey officers 
as ordinary diabases prompts the question whether they were injected 
either before or after the noritic magma rose from the depths. 


NORITE AND DULLSTROOM VOLCANICS 


Although the Dullstroom lavas were poured out before the main norite 
was finally emplaced, these lavas are but little older than the norite or 
any other constituent of the Bushveld Complex. 


SUMMARY OF THE RELATIONS 


Physical continuity between pairs of the various members of the 
Complex has been locally observed in the following cases: (1) Between 
the coarse red granite and the granophyric granite; (2) between the 
more acid granophyre and the more acid felsite; (3) between norite and 
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the mafic quartz syenites and allied rocks of the migmatitic zone. (Is 
this zone the locus of the “obscure” passage or transition of the norite 
into the coarse granite, described by Kynaston in the Explanation of 
the Pretoria map sheet ?) 

Local intrusion has been observed or suspected, as follows: (1) Fel- 
site by the granophyric granite: (2) felsite by the granophyre; (3) fel- 
site by the coarse red granite; (4) coarse red granite by the granophyre; 
(5) norite by the granophyre (apparently chilled against the norite); 
(6) norite by the coarse pink granite; (7) felsitic rocks, granophyre, 
and mixed rocks of the migmatitic zone by mafic quartz syenite, itself 
an upper differentiate of the main norite. 

The general stratigraphic relations are as follows: 

1. The main norite, with its chilled floor-phase and banded differen- 
tiates, rests on the Magaliesberg sediments except at a few places where 
it lies on older rocks of the Transvaal system or, as north of Potgieters- 
rust, on the Archean granite-gneiss (see figures 1 and 2). Correspond- 
ingly, very large, mapped xenoliths northeast of the Pilandsberg and 
west of the Spitzkop are composed of the Dolomite and lower Pretoria 
beds (figure 2). These great inclusions appear to have been stoped up 
from the general floor of the main norite, which also sent powerful 
apophysal sheets into the floor, without, however, completely wedging 
off and inclosing the respective slices of stratified rocks. 

2. At its upper surface the main norite, here systematically quartzose 
or micropegmatitic, is covered by a composite of salic rocks, developed 
,as felsite, granophyre, granophyric granite, or coarse red granite, ac- 
cording to local conditions. At the actual contact between the salic and 
femic eruptives, or within the salic rock just above, are many large 
slablike xenoliths which were rifted off from the floor of Transvaal 
sediments (figures 1 and 8). Some of these blocks of stratified rock 
crop out for lengths of many kilometers and in places the blocks seem 
to have formed a continuous roof over the norite, but the rapid changes 
of strike and dip from block to block and their visible separation hori- 
zontally by the igneous rock show that they could not have formed such 
a roof. The better view seems to be that these isolated blocks and 
slabs of sediment are true xenoliths, most of them quartzitic, which 
floated up from the floor of the norite and found their proper density- 
level at or near the norite-salic rock contact. 

A striking fact to be noted in this connection is the rarity of shale 
among the xenoliths, although shale constitutes the bulk of the Pretoria 
series. What is the reason? Were the blocks of shale stoped up but later 
metamorphosed, with so great an increase of density that they sank 
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deep into the noritic magma? Were they absorbed by it? Had such re- 
action anything to do with the separation of great volumes of bronzitite ? 

3. Each of the three rocks—granite, granophyre, and felsite—that 
form the compound “layer” of the central Bushveld shows a more or 
less conspicuous rift-structure, with low, centripetal dips, seldom ex- 
ceeding 10 degrees. This structure conforms with the rift flow-structure 
and banding of the underlying norite, but the likewise centripetal dips 
of the norite increase outward in all directions until, near the main 
floor, they become locally as much as 40 or 50 degrees. 

4. At Balmoral, on the southeastern side of the Complex, and, between 
the Marico and Notwani rivers on its northwestern side, the coarse red 
granite constitutes separate intrusions into the Pretoria series or older 
rocks. At each place the granite, unaccompanied by granophyre or 
felsite, was probably roofed entirely by stratified rocks. 

5. The coarse granite of the main “layer” of the Complex was in 
general roofed with felsite representing acid magma that had been 
rapidly chilled at the earth’s surface. The true relations of the two 
patches of Rooiberg sediments (see map, figure 1) to the coarse granite 
which surrounds them is problematical ; yet these beds are not likely to 
have formed a continuous roof over the granite. Their maximum ob- 
served thickness is about 350 meters, and, since no similar sediments 
ocur outside the Bushveld basin, it is hard to assume a much greater 
total thickness. So thin a roof could not well have been stable over a 
very extensive thick sheet of magma having a density of only about 2.3. 

In the same way a thin cover of solidified felsitic flows would prob- 
ably be unstable on a wide sea of molten granite. Each breakup, dik- 
ing, and foundering would mean new quick chilling of the salic magma 
and a rapid mending, restoration, of a solid roof of felsite. This would 
become stable when sufficiently thickened by such convection and radia- 
tion from the granitic magma. 

6. If, accordingly, it be assumed that the roof of the coarse granite 
was essentially its own chilled surface material, gradually thickened by 
successive overflows of the same magma, a possible explanation of the 
somewhat contradictory observed relations among the salic members 
of the Complex is at hand. Perhaps the andesitic, trachyandesitic, and 
other more femic flows reported in the felsitic series represent early 
emanations from the Bushveld center of eruption. Yet, when the great 
bulk of the salic magma had been differentiated and erupted to the 
earth’s surface, this magma was measurable in thousands of cubic kilo- 
meters and was of average composition which was very nearly identical 
with that of the more acid felsite, granophyre, or coarse red granite. 
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Under the conditions postulated, the upper part of the molten mags 
must have quickly lost heat and gases; hence the compactness of the 
felsite. Deeper in the mass, where the fluxing by heat and gases was 
maintained longer, the grain grew coarse and granite was formed, 
Since, however, the water and other gases tended to diffuse upward, 
their fluxing effect was less at the bottom of the compound salic 
“layer,” and a variable sublayer of medium-grained granophyre might 
there be expected. Local escape of gases would similarly cause the 
finer grain of granophyre or felsite in other, more limited parts of the 
“layer” well below its surface. 

The tétal thickness of the Sterk River and other shales that are inter- 
bedded with the felsite shows that these processes occupied many hun- 
dreds of years. During this long period the floor of the main part of the 
Complex was slowly sinking and intensifying the basin structure. The 
crustal movements must have shifted both solid and still-liquid phases of 
the “layer.” In consequence sporadic, local intrusive relations were de- 
veloped and sheets of pegmatite appeared among the different phases of 
the one vast body of magma. Local diking of one phase by another is thus 
here, as so often elsewhere among large eruptive bodies of the world, no 
necessary indication of essential difference of age between the respective 
phases. In each case the diking may rather be the inevitable result of the 
slow crystallization of a single voluminous body of magma that was 
subject to strains as it solidified. 

The salic “layer,” with the possible exception of certain parts of it, 
is best regarded as a geological unit. Distinctly older may be some of 
the earlier surface flows; distinctly of later eruption may be felsite or 
granite contemporaneous with the outlying stock of pink granite east of 
Magnet Heights, and yet erupted within the confines of the salic “layer” 
as now exposed. The rest of the granite, granophyre, and felsite of the 
central basin is an enormous, thick sheet resting on the main norite. 
These two master bodies are considered to be gravitative differentiates 
comparable with the Elands River “diabase”-felsite sheet extending 
some 45 kilometers from the Premier mine to Bronkhorstspruit; with 
the “diabase”-granophyre-granite Rooiwal sheet which cuts the Water- 
berg beds ;?° with the Pigeon Point and other differentiated sills of the 
Lake Superior district; with the Duluth “lopolith” itself; with the 
Purcell sills of British Columbia, and with the Sudbury sheet of On- 
tario. 

The Elands River sheet, at the Premier mine, is worthy of special note. 


27H. Kynaston, E. T. Mellor, and A. L. Hall: Explanation, Potgietersrust sheet. 
p. 46. 
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It was described by Kynaston.** The famous kimberlite pipe at this 
mine is surrounded by a broad mass of older monolithic felsite, which is 
exposed to a depth of 200 meters, with no bottom found. Southwest of 
the mine the felsite becomes somewhat coarser-grained and at a distance 
of 2 kilometers it dips at angles of 10 to 15 degrees under quartzite of 
the Pretoria series. Probably the main body of felsite around the mine 
was roofless and was chilled against the air, but it appears to be con- 
tinuous with the coarser rock that dips under the quartzite. The 
igneous body here is crossed by a spruit running at right angles to the 
strike. Along the sides of the shallow valley the rocks are fairly well 
exposed, and, as Kynaston long ago showed, the felsitic rock gradually 
merges stratigraphically downward into a more basic rock, which he 
called diabase, for which a better name is quartz norite. This norite rests 
on quartzite that dips in a northeasterly direction, so that the whole 
composite igneous mass here has the general relations of a sill or sheet 
which locally (at the Premizr mine) breaks across the strata to the 
earth’s surface and is at that place roofless, though elsewhere and in 
general it was well roofed. 

Kynaston’s discovery of the transition between the felsite and the 
norite was confirmed during the present writer’s traverse from the mine 
southwestward and across the sill part of the eruptive, where the thick- 
ness is about 200 meters. The merging of the two rocks, which is rather 
obvious in the field, is illustrated by the specific gravities of fourteen 
specimens there collected, namely : 


Upper phase, typical felsite (3 specimens)....................... 2.654 to 2.667 
Middle phase, transition rock (4 specimens)..................... 2.693 to 2.755 
Lower phase, quartz norite and norite (7 specimens)............. 2.840 to 2.916 


This comparatively small body was probably erupted at the same time 
as the Bushveld Complex. Indeed, a study of the Government map 
leads to the idea that the two may be physically continuous, one into the 
other. The magmatic similarity is shown not only by the general 
nature of the rocks, but also by a remarkable peculiarity of the small 
phenocrysts in the felsite. At the Premier mine and in the roofed part 
of the sheet these phenocrysts, which are in places very abundant, have 
the habit of feldspar laths; yet, viewed under the microscope, they are 
seen to be composed of aggregates of clear quartz. These aggregates are 
clean-cut pseudomorphs after feldspar, altered probably during the late 
magmatic period. The change is of a most unusual kind. As already 
noted, Wagner reports a precisely similar alteration, also connected with 





*H. Kynaston: Annual Report, Geological Survey of the Transvaal for 1903. Ex- 
Manation to the Pretoria map sheet, p. 20. 
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the intense silicification of the salic rock, in the extrusive felsite around 
the Mutue Fides-Stavoren tin mines of the central Bushveld.” In view 
of that special characteristic, as well as the general petrographic corre- 
spondence, there seems to be little doubt of the intimate consanguinity 
of the felsite of the Bushveld Complex and the felsite of the Elands 
River sheet. That sheet therefore affords a simpler example of the result 
of gravitative differentiation than its mighty neighbor. The absence of 
manifest diking of one phase of the sheet by another is due, no doubt, to 
the much shorter magmatic life of that sheet and the smaller bodily 
strain on it as it solidified. 


HIsTory OF THE BUSHVELD COMPLEX 


Much more field and laboratory work must be done before anything 
like a complete account of the Complex can be given. It is to be hoped 
that Dr. Hall will crown his long and fruitful activity in the Bushveld 
by publishing in detail so much of the geological history as can now be 
written. The present attempt to piece out the story, as it seems to 
run, is of course based chiefly on the results of the work of Hall, Wag- 
ner, and* their associates in the Geological Survey, as well as on the 
brilliant pioneer work of Molengraaff. This effort to summarize the 
evolution of the Complex by one who had but a few months for its study 
in the field has a double object: to make more widely known the highly 
significant discoveries made by the South African geologists and to offer 
some suggestions and questions which may stimulate future discussion. 

The history may be begun with the rather advanced peneplanation of 
the Archean terrane, including gneisses, granites, and the Moodies and 
other systems. On that old surface of erosion the very thick geosynclinal 
formed by the Witwatersrand system of beds was developed in the south- 
ern Transvaal and the northern part of Orange Free State. Then the 
extensive heavy cover of Ventersdorp rhyolites and basic amaygdaloids 
were poured out on the geosynclinal prism and on the surrounding 
Archean rocks. 

The Ventersdorp volcanism was followed by moderate crustal de- 
formation, one effect of which was the updoming of the region between 
Johannesburg and Pretoria (see figure 1). From the top and the 
northern slope of the dome the cover of Witwatersrand and Ventersdorp 
rocks was eroded, and then, on the surface of denudation, the thick 
geosynclinal prism here representing the Transvaal system was de- 





*P. A. Wagner: Memoir No. 16, Geological Survey, 1921, p. 54, and Explanation 
of Springbok Flats sheet, p. 52. Compare the analyzed specimen No. 3682, column 1, 
Table IT. 
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posited. Its lowest division, the Black Reef series, rests unconformably 
upon Archean, Witwatersrani, and Ventersdorp, according to the con- 
ditions ruling after the prolonged erosion. 

The Pretoria series of sediments, the thickest and uppermost division 
of the Transvaal system, was interrupted by the effusion of the Ongeluk 
yoleanic rocks (Daspoort group). These lavas and breccias, which have 
a maximum thickness of about 1,500 meters, are described as of andesitic 
character. However, they are everywhere profoundly altered, and it 
seems possible that some of the flows are basaltic. A second, thinner 
body of similar extrusives overlies the Daspoort quartzite. Finally, the 
massive, thick, likewise altered Dullstroom volcanic rocks, which are 
probably ordinary basalts, were poured out in successive flows that lie 
conformably on the top of the Magaliesberg group of shales and 
quartzites. 

The two mapped patches of Rooiberg sediments (see figure 1) are con- 
ceivably remnants of a post-Magaliesberg division of the Pretoria Series. 
Isolated in the heart of the igneous Complex, these Rooiberg beds can 
not yet be dated with reference to the Dullstroom volcanic rocks, but the 
eruption of the magmas of the Bushveld Complex began very soon after 
the last Dullstroom outflow. In fact, the Dullstroom volcanism may in- 
dicate that the first step in the generation of the magmas of the Complex 
was the rise of basaltic magma into the salic part (Sial) of the earth’s 
crust.?¢ 

The troubles of the historian of the Complex now begin in earnest. 
The principal vents for its colossal eruptions are deeply hidden, pre- 
sumably under the coarse granite of the central Bushveld, their conceal- 
ment creating a difficulty of space relations. The eruptions were con- 
nected with central subsidence, the basining of the Transvaal beds. 
When did the subsidence begin? How long was it continued? These 
are difficult questions in time relations. Was the eruption continuous, 
legato, direct from a primitive magmatic substratum ; or did the original 
magma rise into the solid crust of the earth, rest there, at depth, in the 
form of one or more great laccoliths or chonoliths, and later, after 
chemical modification, reach the earth’s surface? In brief was the erup- 





*The writer is of opinion that there is room in geological terminology for the terms 
“sal” or “Sal” and also for Wegener's “Sial.” “Sal,” and its useful and well estab- 
lished derivative, “salic,”” should be retained by petrographers dealing with individual 
rocks and magmas and with the concepts of the Norm classification of rock analyses. 
For the needs of the geologist and geophysicist who wish to speak and write of the 
whole assemblage of rocks which have relatively low average density, and therefore 
float high on the earth’s body, forming continents and large islands, the word “Sial” 
is now available. With a little care, the two kinds of mnemonics should not lead 
to confusion; the retention of both would have decided value. 
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tion staccato? Are the noritic, salic, and other facies of the Complex 
the products of pure differentiation? Why is the dominant rock a 
norite rather than a gabbro or some other form of basaltic magma? 
What is the cause of the amazing banded structure of the main norite? 
Why were extensive layers of strongly titaniferous magnetite differ. 
entiated at levels near the top of the main norite, while other great 
lenses of chromiferous magnetite were differentiated toward its base? 
How were these rocks of high densities stably supported in the crystal- 
lizing mass? Are the rocks of the Complex the result of the differentia- 
tion of basaltic magma plus basaltic magma changed by reaction with, 
and assimilation of, its salic wall rocks? Was the depression of the solid 
salic rocks under the Transvaal geosyncline, especially during a “stac- 
cato” injection of substratum magma into the crust, sufficient to bring 
about mere melting of those salic rocks and later eruption of such sec- 
ondary magma? Why was the noritic flood, already crystallized, followed 
in date by the eruption of large dikes and stocks of granite? Does the 
great horizontal extent of each of the major sills below the main norite 
indicate high fluency and therefore a superheated magma at the time of 
injection ? 

Full of meaning as these and allied problems may be, they can not 
here be adequately discussed, but suggestions intended to indicate possi- 
ble answers to some of the questions will be offered. It needs no em- 
phasis that the proffered answers are speculative and in most instances 
still far from demonstration. 

After the complete emplacement and final consolidation of the Com- 
plex, its central, felsitic surface stood far below the highest parts of the 
Pretoria series, which surrounded the eruptive mass on all sides. The 
initial difference of level seems to have been at least 5,000 meters, a 
measurement indicated by the probable thickness of the Transvaal sys- 
tem where its beds were extended centrifugally along the existing planes 
of the dip. During the long period of denudation preceding the Water- 
berg sedimentation the felsitic surface and the high sedimentary rim 
of the basin stood above the general baselevel of the region, for the felsite 
was then somewhat eroded and some 5,000 meters of the rimming 
strata were swept away. When the basal conglomerate of the younger 
Waterberg system was deposited it transgressed, with strong uncon- 
formity, the beveled edges of felsitic flows, Pretoria beds, Dolomite beds, 
and Black Reef beds, far out on the Archean rock, where this old base- 
ment formation had just lost the thick cover of Transvaal strata (see 
figures 1, 3, and 11). 
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Not long after the eruption of the Complex was finished, the Bushveld 
was thus a great topographic basin as well as a structural basin, all parts 
of which stood above sealevel. Almost certainly the high, broad rim 
represented a large mass in excess of isostatic balance. The only likely 
cause for such local accumulation of mass was tangential pressure in 
all azimuths, coupled with plastic inflow of subcrustal material. Each 
limited part of the rim may then be regarded as analogous to any pow- 
erful geanticline, which is supported in part by the elastic strength of 
the earth’s crust and in part by deep-lying matter, passively injected be- 
low the arch as it formed. 

One may easily imagine such orogenic pressure to have been one of 
the causes for the rise of the Bushveld magma, and the continuance of 
the same kind of pressure to have been responsible for much of the pre- 
Waterberg deformation (additional basining) of the “bands” and rift- 
planes in the rocks of the Complex. 

According to Hall and Molengraaff, strong tangential pressure co- 
operated in the development of the neighboring Vredefort dome, one 
of the most startling earth structures ever recorded in geology. Those 
authors also believe that the Bushveld basining and the Vredefort dom- 
ing were nearly if not quite contemporaneous.” Perhaps one may legiti- 
mately think of the Bushveld basin as the incidental product of orogenic 
doming on a scale still grander than that exhibited at Vredefort. A 
very broad, high geanticline, or dome, formed in this way might, through 
failure of its elastic strength, become centrally dimpled on a large scale. 
Let the existence of such a dimple basin be assumed and some conse- 
quences be traced. As the tangential pressure continued, the dimple was 
slowly forced down relatively to the rim, which was rising on all sides. 
As the dimpled dome grew in mass, the vertical pressure on the sub- 
crustal material increased. Beneath the central dimple the lower part 
of the earth’s crust was under tension. It is an easy step to imagine 
the fracturing of the crust at depth and its early injection at deep levels 
by the substratum magma. If large-scale stoping of the dense, lower 
rocks of the crust took place, a considerable volume of the magma would 
rise well up into the crust, after the fashion of a deeply buried batholith. 

Resting long in its intracrustal position, perhaps considerably changed 
by assimilation of its hot wall rocks, and in any case differentiated by 








7A, L. Hall and G. A. F. Molengraaff: The Vredefort Mountain Land (Shaler Me- 
morial Series), Proc. Kon. Akad. Weten., Amsterdam, 1924. The likewise astounding 
500-kilometer “Great Dike’ of Rhodesia is petrographically similar to the “plutonic” 
rocks of the Bushveld. Is it an accident that this “dike” is elongated along the line 
joining the centers of the Vredefort dome and the Bushveld Complex? (See map in 
du Toit's “Geology of South Africa.) 
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gravity, the magma finally burst its way to the earth’s surface along 
cracks developed in the central part of the dimple basin. Pressed up 
by the excess weight of the surrounding rim and by gas tension, the 
differentiated magma issued first in the form of lava flows and py- 
roclastic material that formed felsitic and allied surface rocks. The 
output of magma at the surface was comparatively small at first, because 
the earth’s crust was strong and could bend down but slowly. That 
the crust must have continued to sink locally, with accentuation of the 
central basin and independently of orogenic pressure, is obvious from 
the fact that the magmatic extrusions meant transfer of material from 
beneath the crust, which was therefore inadequately supported. The 
weight of the surface lavas acted in the same sense but with far less 
efficiency. 

Once bent, and increasingly fractured, the rocks under the surface 
of the dimple became more rapidly bent down and more subject to 
stoping and the rise of magma. Finally the great central vents to the 
surface were well opened and the main body of salic magma (felsite- 
granophyre-red granite magma) was poured out, to be followed im- 
mediately by the heavier differentiate, the noritic magma. The eruption 
ceased, however, when the growing hydrostatic pressure of the magmatic 
column, aided by the elastic strength of the crust, was able to counter- 
balance the weight of the rim. 

The compound red granite-granophyre-main norite magma, roofed 
by the air and by its own solidified outflows, thus appears as a huge lava 
flow having one or more magma-filled vents, perhaps of batholithic 
proportions, these vents communicating directly with the earth’s inte- 
rior. Thick as the flow was, it was retained, laterally confined, chiefly 
by the basin form of the sedimentary floor, possibly to some extent 
through peripheral damming by solidified felsite and granophyre. 

Such a body can hardly be called a typical lopolith, though the main 
noritic part of it might be considered lopolithic. 

The origin of the noritic magma and the explanation of its chemical 
contrast with substratum basalt are difficult problems, which here can 
be no more than mentioned. 

When the basic magma in quantity had reached up to the Transvaal 
sediments it was injected at many horizons, outward in all directions 
from the central locus of eruption. Perhaps the comparatively high 
density of this magma facilitated the splitting and silling of the beds. 
In any case it is noteworthy that the voluminous salic magma did not 
form sills in the basined sediments. Some of the sills may have been 
injected before either the salic or the noritic magma rose from the 
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depths. This may well be suspected in the case of those sills which 
shall prove to be of normal diabasic composition and thus presumably 
direct emanations from the basaltic substratum. 

After its eruption the noritic magma was differentiated in place, 
giving the wonderful “bands” of anorthosites, pyroxenites, iron ores, 
chromitites, and dunites. Practically all recent writers on the Complex 
consider that the “bands” were initially horizontal or nearly so. Now 
the “bands” dip toward the center of the basin at angles ranging from 
5 to 45 or 50 degrees. If their original centripetal dips were lower 
(original altitude subhorizontal?), and if it be further assumed that 
the Bushveld basin was being deepened as the thick “lava-flow” was 
slowly crystallizing, an explanation of the prominent flow structure of 
the main norite and its “bands” seems possible, for continued deepen- 
ing of the basin during the crystallization could not fail to cause cen- 
tripetal and oblique downward shearing of layer against layer in the 
hot, plastic mass. 

The reason for this relatively late subsidence, with the pronounced 
increase of centripetal dips in sediments and banded eruptives alike, 
is one of the most significant yet obscure problems of the region. The 
cause may have been multiple: 

1. The prodigious upthrust of the adjacent Vredefort dome, a total 
lift of about 15,000 meters at the center, must have been accompanied 
by a large increase of mass in the earth sector surfaced by the dome. 
Conceivably the reversed dips of that dome may be explained by the 
slow, superficial breakup of a structure that tended to reach an intoler- 
able height for so limited a base. It can be imagined that the upper 
layers of rocks broke up into great blocks, which slid centrifugally and 
overturned the domed strata on all sides of the structure. In this way 
the excess load on the earth sector may have been spread, and thus fur- 
ther upthrust of the dome facilitated. Regional isostatic compensation 
for the load in much greater degree was probable, for the Vredefort dome 
rises in the heart of a very wide structural depression, which may well 
have represented a great synclinal downwarp of the earth’s crust at 
the time of the doming. According to Hall and Molengraaff, a prin- 
cipal condition for the rise of the dome was the upward pressure of basic 
magma that formed a big plug with its top not far below the visible 
Archean floor at the heart of the dome. Their conclusion means that 
the excess matter introduced in the earth sector was magmatic, though the 
mechanical conditions for its rise against the immense weight of the 
domed rocks are not obvious. Later study by L. T. Nel (The Geology 
of the country around Vredefort, Geological Survey, Pretoria, 1927. 
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page 90) has led him to suggest that the uplifting magma was granitic, 
If such magma, of low density, were sufficiently deep, the doming might 
be explained, at least in part, as a result of isostatic adjustment. 

If the dimpled dome of the Bushveld was similarly brought well out 
of isostatic balance by a forced inflow of magma, the subcrustal magma 
must have tended later to flow out and away from the domed sector as 
soon as the tangential pressure in the earth’s body was relieved. The 
strength of the solid rocks would preserve the form of the arched rim, 
and as the magmatic support at depth was withdrawn the hot, plastie 
material of the great “lava-flow” would flow in on all sides, shearing 
itself as it moved (compare the visible flow structure of the norite and 
its bands) and adding to the surface load at the center of the dimple 
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Ficure 10.—Section illustrating local post-Waterberg folding and plastic Deformation 
of the Bushveld Complex northwest of Warmbaths 


W, Waterberg sandstones and conglomerates. Scale, 1: 400,000 (6.3 miles to the 
inch). Since the felsite had suffered much erosion before the deposition of the Water- 
berg sediments, the section is probably wrong in showing a nearly uniform thickness 
for the felsite. Copied, with modification, from H. Kynaston, Report of the Geologeal 
Survey for 1909, Plate VIII. 
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Figure 11.—Section illustrating local post-Waterberg Deformation of the Bushveld 
Complex along the Edge of the Waterberg Plateau 


Weg, Waterberg conglomerate; Wess, Waterberg sandstone. Scale, 158,000 (2.5 miles 
to the inch). Copied from E. T. Mellor, Report of the Geological Survey for 1908, 
Plate XI, 


basin. This new load on the Transvaal sediments and Archean floor 
would cause deepening of the basin, which would continue until isostatic 
equilibrium was approximately restored. 

The tangential pressure on the earth’s crust that originally pro- 
duced the Bushveld dome, with its dimple basin, might have continued 
after the earth’s crust had been tightly sealed by solidification of the 
magma in the vent or vents. The corresponding accentuation of the 
basin structure was not accompanied by further eruption on a large 
scale-because of this restoration of strength to the earth’s crust. That 
folding did affect the Bushveld in post-Waterberg and pre-Karroo time 





eS a a ere 








AAL 


tic, 
ight 


out 
yma 
r as 
The 
rim, 
istic 
ring 
and 
nple 





ation 


| the 
ater- 
cness 
ogeal 


hveld 


miies 


1908, 


floor 
atic 


pro- 


the 
the 
arge 
[hat 
time 








HISTORY OF THE BUSHVELD COMPLEX 765 


js clear from the Survey reports (see figures 10 and 11).** However, 
the net result of this particular deformation, resulting in alternating 
synclines and anticlines, was probably not a systematic increase of cen- 
tripetal dips such as that registered in the present attitudes of the bands 
and ailied structures of the Complex. 

3. Was the basin finally deepened by further local collapse of the 
earth’s crust as much post-norite magma was poured out on the earth’s 
surface, with consequent removal of support from the solid crust? The 
intrusion of the norite by the coarse pink granite east of Magnet Heights 
proves the upward, post-norite movement of magma. The pink granite 
js also represented within the main, central “layer” of salic rocks (see 
the analysis in column 6, Table II). Yet, if the late deepening of the 
central basin were due to the effusion of that younger granitic magma, 
the volume of magma so displaced must have been very great. Is it 
possible that the pink-granite magma did issue in such volume and over- 
whelm the norite-granophyre-red granite-older felsite combination ? 

Of these three hypotheses the first now seems to the writer to be the 
most promising, but a final explanation of the strong increase of cen- 
tripetal dips may necessitate much additional detailed study of the 
Complex in the field. 

Whatever the cause, the great deepening of the Bushveld basin in- 
volved the depression of the earth’s salic crust beneath the basin to con- 
siderable depth. At the corresponding levels the temperature must have 
risen with the slow upward movement of the isogeotherms. Is it too 
bold to suggest that the younger granite magma originated by the melt- 
ing of the locally depressed Sial? The time that intervened between 
the eruptions of the norite and the coarse pink granite was long; per- 
haps long enough to meet the needs of this hypothesis. It is worthy of 
note that northeast of Potgietersrust, the Archean granite and gneiss, 
formerly buried many kilometers deef under sediments, norite, red 
granite, and felsite, have been replaced by a large, stocklike, younger 
body of coarse, reddish pink granite which is strikingly like the Bush- 
veld granites. Is this an example of palingenesis because of deep burial 
as well as by heating under the thick layer of noritic magma? 





3A statement in a paper on the “Structural relations of the Bushveld Igneous Com- 
plex,” by R. A. Daly and G. A. F. Molengraaff (Journal of Geology, vol. 32, 1924, p. 
33), should be corrected. It was there remarked that the post-Waterberg folding and 
thrusting here considered ‘are probably products of the same succession of strong 
orogenic disturbances which later became responsible for the origin of the cordillera 
of the Cape Province.” Dr. Rogers, writing from Pretoria, has stated that the two 
orogenic epochs are separated by too long an interval of time to be regarded as 
phases of a single crustal disturbance. With this opinion Daly and Molengraaff now 
agree. 
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With the intrusions that formed the dikes and stock of the pink 
granite the construction of the Complex was essentially finished. Pro. 
longed pre-Waterberg erosion reduced the rim of the basin to some. 
thing like a typical peneplain. Then on that surface of erosion the 
thick Waterberg system of sandstone, shale, and conglomerate was de. 
posited. Pre-Karroo folding, renewed erosion, unconformable Karroo 
sedimentation, basaltic flooding in late Karroo time, further erosion, 
continued to the present day—these events summarize the remaining 
chapters in the history of the Bushveld Complex. 

Probably in post-Karroo and pre-Tertiary time the alkaline masses 
of the Pilandsberg, Spitzkop, Leeuwfontein, etcetera, and the very 
long syenitic dikes that cut the norite in the southwestern Bushveld 
were erupted. Though all these cut the Complex, they are best re. 
garded as belonging to one or more independent petrogenic cycles. The 
sunken caldera at the Salt Pan (figure 1) seems to be much younger— 
late Tertiary if not early Pleistocene.*® Du Toit is inclined to refer 
to a similar date the extraordinary breccia-filled pipe at Derde Poort, 
near Pretoria.*® The long gabbroid dike running through Pinedene and 
Pretoria (analyses in columns 5 and 6 of Table XVI) can not be closely 


dated. 


GENERAL SUMMARY 


Supplementing the large body of older data, the eighteen new chemical 
analyses here given illustrate some definite conclusions regarding the 
Bushveld Complex .and raise some important questions for future in- 
vestigation. 

The voluminous felsites show chemical differences which are even more 
decided than that between the two analyses here published. Two com- 
mon types carry 74 per cent and 70-71 per cent of silica, respectively. 
The true granophyres are somewhat less variable, but include two 
abundant kinds, with silica percentages corresponding to the two ana- 
lyzed felsites. The coarse granite also is not homogeneous; it includes 
much red granite containing prevailing 74 per cent of silica, and much ' 
pink granite containing a little lower percentage of that oxide. The 
more siliceous felsite, granophyre, and granite are chemically very simi- 
lar—a fact suggesting their essential contemporaneity and their direct 
origin from a single body of magma. On the other hand, the less sili- 
ceous phases of the felsite and granophyre are not to be easily corre- 
lated in genesis and date of eruption with each other or with the coarse 





*P. A. Wagner: Memoir 20, Union Geological Survey, 1922. 
* A. L. du Toit: Geology of South Africa, 1926, p. 344. 
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pink granite. The more siliceous magma is taken to be the compound, 
superficial part of a giant lava-flow, the remainder of which is the main 
norite beneath. 

The chilled floor phase of the main norite is chemically so much like 
the average norite as to indicate the intracrustal differentiation of the 
noritic magma before it and the already overlying acid magma (the 
lighter component formed by the same gravitative differentiation) were 
poured out at the earth’s surface. Some of the silis in the Transvaal 
sediments beneath the main norite are chemically similar to it; prob- 
ably, therefore, those sills were injected when the intracrustal magma 
rose to form the great surface flow. Other sills may be normal diabases 
and possibly pre-norite in date of eruption. 

A significant fact is the apparently complete lack of felsitic, granophy- 
ric, or granitic sills in the Transvaal beds. 

The analogy of the stupendous felsite-granophyre-red granite-main 
norite lava-flow with the Elands River sheet (itself seeming to have 
been locally roofless) is regarded as important. 

The mutual local injections of the salic rocks of the Bushveld are 
compatible with the essential contemporaneity of those rocks. These 
sporadic cuttings of one phase by another are explained by bodily move- 
ments of the slowly freezing lava-flow during the continued deepening of 
the Bushveld basin. 

Many large slabs and blocks of quartzite and shale that are inclosed 
at the contact of coarse red granite and main norite are regarded as 
xenoliths of Transvaal sediments. Floating up from the floor of the 
norite, these xenoliths came to rest at levels where their densities matched 
the densities of the compound “lava”; the favored level was at the top 
of the norite. Strong feldspathization of the quartzites, the development 
of migmatitic rocks alongside, and the moderate, gravitative differentia- 
tion of the noritic magma at nearly the same level are briefly described. 

The older analyses illustrating the drastic differentiation (“banding” 
of the norite lower down are compiled. 

The problem of the subsequent accentuation of the basin structure 
in the Bushveld is discussed. 

The genesis of the coarse pink granite after the freezing and the 
renewed central subsidence of the norite is hypothetically explained, but 
in general the difficult questions of magmatic origins are hardly more 
than touched in this paper. 

Some of the writer’s views differ from those of members of the Union 
Geological Survey. According to the “Explanation” of the new geo- 
logical map of South Africa issued by the Survey, the Bushveld felsite 
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is excluded from the Bushveld Complex and, together with the major 
sedimentary masses at the granite-norite contact, is assigned to a “Rooi- 
berg series,” which is made the top of the Transvaal system of rocks. In 
contrast, the writer holds that most if not all of the felsite forms part 
of the Bushveld Complex, and that the quartzite, shale, and dolomite 
composing the blocks inclosed in norite and granite, with two possible 
exceptions, are xenoliths rifted off from the underlying system of sedi- 
ments. The two possible exceptions are the “Rooiberg” patches mapped 
in figure 1. 

Again, the members of the Survey regard all the coarse granite of 
the Complex as contemporaneous in eruption. It is here suggested 
that there may be two granites: a red granite, erupted immediately be- 
fore the norite, and a pink granite, slightly more mafic, erupted after 
the norite had solidified. The relative proportions of the two granites 
in the vast central expanse of the Bushveld are, however, quite unknown. 

From its very hugeness difficult of interpretation, deformed, eroded, 
in part invisible under Waterberg and Karroo covers, the Bushveld Com- 
plex will long furnish genetic problems of surpassing importance to 
geologist and petrologist. American workers will surely find abiding 
interest in this South African colossus. Among its many claims for 
attention is its close analogy with the Duluth “lopolith,” the roof of 
which seems to have been in part its own substance in the form of suc- 
cessive flows, chilled against the atmosphere. 
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INTRODUCTION 


For more than fifty years geologists have been describing unmistak- 
able late Paleozoic glacial deposits, and during the past thirty years this 
knowledge has become generally acceptable, but unfortunately there is 
as yet no agreement as to whether this ice-age took place in late Upper 
Carboniferous time or wholly in the Permian. Among the textbooks we 
find the leading French writers placing the time of this glaciation in the 
late Upper Carboniferous, whereas those of Germany always refer the 
ice-age to the Permian, some without doubt, like Frech (1901), who says 
it is “unmistakably of early Permian time,” and others, like Kayser 
(1923) and Schaffer (1924), who consider it as*of probable Permian 
age. Most of the American textbooks are for a Permian reference. 
Scott (1907) says: “The earliest Permian in the southern hemisphere 
was a time of vast glaciation,” and Schuchert (1924) placed the ice-age 
well up in the Lower Permian. David White (1907), on the basis of 
plants, was, however, the first to refer these tillites to an age well up in 
the Permian. In this connection, it gives the writer much pleasure to 
say that Doctor White has read this essay and offered many corrections; 
and what is of the greatest importance is that he, one of the world’s few 
authorities on Paleozoic floras, agrees to the time correlations here derived 
from the paleobotanic evidence. 

In recent years a number of workers in the British Empire are be- 
coming disposed to refer this late Paleozoic glaciation to the late Car- 
boniferous. Among these are Coleman in “Ice Ages” (1926), Du Toit 
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in “Geology of South Africa” (1926), and Brooks in “Climate through 
the Ages” (1927). Seward (1924) also says: 

“The opinion may be offered that the present tendency is in favor of 
Du Toit’s view, that the southern ice-sheet should be assigned to the latter 
days of the Carboniferous period.” 


It is these books, and especially Coleman’s rejoinder to Dunbar (1924, 
1925), that have decided the writer to undertake once more a study of 
the Permian of the world. 

The Permian land floras and reptiles, along with the marine faunas, 
in their worldwide distribution, are now so well known that the time has 
come for another resurvey of all the facts (Frech’s is of 1901) in the 
hope that it will definitely clear up the exact time when the glacial 
climate of the late Paleozoic took place. This is all the more important, 
since such a rigorous climate affects the environment of all land life, 
and eventually even that of the oceans. Moreover, the characteristic 
tillites, when of wide distribution and of the same general time, are now 
believed to be one of the finest means of making definite time correlations 
from continent to continent. 


SUMMARY 


The conclusion of this essay is that the late Paleozoic glaciation took 
place certainly in Middle and probably in Late Middle Permian time, 
and that the warm, equable climate of the Upper Carboniferous per- 
sisted into the early Permian, with increasing aridity that began to 
manifest itself in North America and Europe in the late Carboniferous. 

This climatic change appears to be a resultant of the long-continued 
mountain-making in all of the continents embraced in the Hercynian 
system, or Hercynides. It began at the close of the Lower Carboniferous, 
was periodic throughout the Upper Carboniferous, and attained its 
climax in one continent or another toward the close of the last-named 
period or during the early Permian. Volcanic eruptions on a great scale 
took place during early Permian time, at least in western Europe and 
Australia. 

The dating of these phenomena begins in the practically complete 
marine and land records of the Upper Carboniferous and Permian of 
Russia, which have long been recognized as “the starting point for the 
correlation of similar deposits in other countries.” Into these records 
are tied the floras of Germany, the standards for correlations of similar 


ones elsewhere. 
As there are no tillites of a continental nature in Europe, the time 


of the glacial deposits of India can be accurately fitted into the Russian 
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standard by means of its early Permian faunas, which migrated south- 
east and are found evolving into those of the Productus limestone of the 
Salt Range, which are of Upper Permian time. Here, as elsewhere, the 
best marine checks are the ammonites, supported by an abundance of 
brachiopods. 

The state of evolution of the ammonites of the Lower Permian of 
Russia is seen to be considerably older than that of the Indian ones, 
somewhat older than that of those of western Tethys, as recorded in the 
limestone of the Sosio Valley of Sicily, and considerably younger than 
that of the earliest Permian of western Texas, which has the most primi- 
tive ammonites of this period. 

In the Salt Range of India the tillites at the base of the section are 
intimately tied to the marine Productus limestone, and as none of the 
latter appears to be older than Upper Permian, it follows that the tillites 
are either of the same age or are high in the Lower Permian; the general 
opinion is that the tillites are of the time of the upper Rotliegende, and 
these latter strata are referred by the Germans to the late Middle 
Permian. 

As in the Salt Range the Gangamopteris (means tongue-ferns) flora 
is. unknown, we go to Kashmir, where it is found interbedded in the 
equivalents of the Productus limestone, and then to Peninsular India, 
the type area for the Gangamopteris flora, where it follows directly on 
tillites that in turn are underlain by a thin marine zone which can be 
nothing other than a part of the Productus limestone sea. In this way 
the tillites of India are dated as of late Middle Permian time, when the 
Gangamopteris flora appears fully developed. 

In South America, as in India, the Gangamopteris flora follows di- 
rectly on the tillites, but in South Africa it not only does likewise, but 
diagnostic parts of it are even found beneath the tillites. 

In Australia, on the other hand, this flora does not appear immedi- 
ately after the basal tillites, but some time later. Accordingly, it may 
well be that glacial conditions began earlier in Australia and endured 
for a longer time than is known elsewhere in the southern hemisphere. 

That the Lower Marine series of Australia can not be even of earliest 
Permian time is seen in that it follows unbroken on the oldest tillites, 
and in that among the marine fossils are species, like Hurydesma, which 
in India appear shortly above the tillites and beneath the Productus 
limestone. This is an unmistakable check that the whole “Permo- 
Carboniferous” of Australia is of Permian age, and that the basal tillites 
and a part of the Lower Marine series are of Middle Permian time. 
Further checks are at hand in the Southwestern Protectorate of 
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Africa, where the Middle Permian marine bivalve Eurydesma occurs 
above the tillites. Here also occur the marine saurians Mesosaurus and 
Noteosaurus, both of which are likewise found above the tillites in South 
America. 

It is therefore certain that the widely spread tillites are of Permian 
time and in all probability of late Middle Permian age. In any event, 
not even those of Australia can be of Upper Carboniferous time. 


Part I. GENERAL DISCUSSION 
STRATIGRAPHY OF THE PERMIAN 


The Permian period, historically considered, is one of the most inter- 
esting of all geologic time, not only for the culmination in many conti- 
nents of one of the grandest cycles of mountain-making, and the vanish- 
ing of the Paleozoic organic world, but even more so because of the rising 
of the reptilian horde that already in later Permian time dominated 
all the continents and was prophetic of birds and mammals. Before we 
can go more deeply into these matters, howevér, it is necessary to under- 
stand what is meant by the Permian system and how our knowledge of 
it arose. 

In 1841 Sir Roderick Impey Murchison, together with the Russian 
Count Keyserling and the French paleontologist De Verneuil, was asked 
by the Czar to make a geological survey of the Ural Mountains. One 
of their results was the discovery of a series of strata lying above the 
Carboniferous, which they believed to be better developed in the Govern- 
ment of Perm than anywhere else in all Europe and on which Murchison 
accordingly based the term Permian. It was chiefly on what has since 
come to be known as the Kazan series that the term Permian was 
founded, and subsequent work has shown that it contained only Upper 
Permian strata of marine, brackish, and fresh water origin, unfortu- 
nately with more or less sparse faunas. All that is now called Lower 
Permian in European Russia—formations exceedingly rich in marine 
life—Murchison then included in the Carboniferous system. 

On the other hand, long before Murchison’s time, the Germans had 
become familiar, through their copper mining, with the marine Zech- 
stein formation (— Upper Permian), beneath which lies the continental 
Rotliegende (— Lower Permian). In fact, geology itself, about three- 
quarters of a century earlier, arose through the knowledge of these for- 
mations obtained by the miners, along with that of the Triassic, mainly 
continental Buntsandstein, marine Muschelkalk, and continental Keuper. 
Because of the twofold development of the Permian throughout north 
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central Europe, and because of the precedent established in the use of 
the name Trias for the threefold younger system, Jules Marcou pro- 
posed to name the former the Dyas. In 1861 Geinitz began using the 
name Dyas and it soon came into wide acceptance, but the rule of prior 
definition prevailed and now the tetm is used but rarely, even in Ger- 
many. More recently (1897) Goodchild proposed for the highly fossil- 
iferous limestones near Palermo, Sicily (= Panormus of the Romans), 
the term Panormian, which should include the Lower New Red or Bunt- 
sandstein and the Dyas as well. 

As time went on the Russian geologists gradually came to see the 
significance of the fossils in the older beds that lay immediately beneath 
the Permian of Murchison and above their unmistakable Upper Car- 
boniferous. The upper part they called Kungur and the lower Artinsk 
(Arta of the Germans), and as their faunas were transitional between 
the true Permian and the accepted Upper Carboniferous, they compre- 
hended them under the American term Permo-Carboniferous. Permo- 
Carboniferous as a time designation, however, is not in keeping with 
acceptable nomenclature, and all similar hybrids in stratigraphy have 
been done away with. Hence the Artinsk and Kungur came to be added 
to the Permian period and called Lower Permian. 

European Russia is, then, the typical area on which the Permian 
system is founded, and with it all of the Permian of other continents 
must be correlated. At the top of the Russian Permian lies a poorly 
understood but smali thickness of the fresh-water Tatarian (most of 
this series is Triassic in age), followed below by the Kazan of marine, 
brackish, and fresh water; these together make up the Upper Permian. 
The Lower Permian is an unbroken marine series, which now includes 
the Kungur and the underlying Artinsk; and, according to the writer, 
goes down to the base of the Schwagerina zone. 

The term Permo-Carboniferous once had wide usage and is still in full 
swing in Australia, and it is therefore in order to dwell a little longer 
on it. The term was first established in 1859 by Meek and Hayden for 
a sequence of strata in Kansas (for detail, see Part IV). It was given 
wider standing by the Russian geologists, who embraced within it their 
Kungur and Artinsk. Waagen also used it extensively for the older 
Kusel and younger Lebach of the German Rotliegende, which is in 
reality a part of the Permian Russian province, correlating these terres- 
trial deposits with the marine Artinsk and Kungur of Russia. 

“My reasons [he says] for beginning a new system with the Permo-Carbon- 
iferous strata are: first, the glacial deposits at the base; second, the appear- 
ance of a Mesozoic flora, . . . and, third, the first appearance here of large 
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numbers of Ammonitide. Thus, the Permo-Carboniferous would form the 
lowest rock group of the Permian system” (1889, page 238). 

The Australian geologists, on the other hand, are less happy in their 
use of Permo-Carboniferous, since with them it undoubtedly embraces 
mostly Upper Permian time; some, in fact, use the term very badly, 
namely, for strata whose age can not be determined as either Carbon- 
iferous or Permian. In any event, the term Permo-Carboniferous should 
be abandoned, and when the age of formations is not known it is better 
to call them by the more appropriate name, prefixing it with the query 
sign (? Permian, ? Carboniferous). 

Modern stratigraphy, then, treats of a Lower and Upper Permian, 
but as the ice-age of this period appears to fall into the upper part of 
the Lower Permian, there is need for a short term to designate its exact 
age, and hence there will be used in this essay the term Middle Permian; 
this is of the time of the upper Rotliegende, which the Germans have 
for some years been calling Middle Permian (or Saxonian). 

The question as to whether the “Permo-Carboniferous” of Russia 
should be added to the Permian or to the Upper Carboniferous has been 
ably discussed by Diener (1897). Karpinsky and Tschernyschew, he 
says, who best knew the “Permo-Carboniferous” of Russia, maintained 
for it an independent position between the Carboniferous below and the 
Permian above, the reason given by Tschernyschew being the decided 
Carboniferous aspect of the brachiopods, combined with the fact that 
Murchison had excluded these formations from his Permian system. 

Diener correctly says that this argument neglects the presence of 
heralders of Permian time, best seen in the ammonites, and that too 
much stress is laid on the strong Upper Carboniferous expression— 
a persistence that must be expected, since there is no general break on 
the one hand between the basal Schwagerina limestone and the higher 
Artinsk sandstone of the Permian, and on the other with the Upper 
Carboniferous below. Furthermore, many of the Artinsk and Schwager- 
ina zone brachiopods persist in India high into the Productus limestone 
of Upper Permian time. 

Accordingly, the boundary line between the Upper Carboniferous and 
Permian, when treating of land deposits, has for many years been 
drawn between the Ottweiler or Stephanian of the Upper Carboniferous 
and the Kuseler of the Permian of central Germany, and when dealing 
with beds of marine origin the line in the Uralian area is drawn between 
the Schwagerina limestone and the Artinsk formation. Recently, how- 
ever, Beede and Kniker (1924), after a study of Tschernyschew’s volume 
on the brachiopods of the Schwagerina zone, have come to the conclusion 
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that this fauna is far more closely tied to the Artinsk than to the older 
Upper Carboniferous, and hence would make the Schwagerina limestone 
the base of the Permian. The writer practically took this view in 1906, 
and now regards it as confirmed by the work of Beede and Kniker and 
by the fact that Schwagerina kansasensis occurs in the original Permo- 
Carboniferous section of Kansas, which, according to David White 
(1926), has, besides, the first appearance of the Gigantopteris flora: 
Callipteris, Walchia, Teniopteris of the simple type, Zamttes and Plagio- 
zamites, Gigantopteris, and other genera. 

This addition of the Schwagerina zone to the Permian will elsewhere 
often lead to debate, because different viewpoints can be taken as to 
where to draw the line of separation between two systems having a 
continuous transitional series. As in Russia, so it is in Kansas; in both 
the artificial boundary is drawn where the heralders of Permian time 
make their first marked appearance. However, the reference of the 
Schwagerina zone either way will not affect the problem of the present 
paper, which has in the main to do with a correct ascertaining of the 
age of the tillites of the Permian. 

European Russia is not only the type area for the marine Permian 
and its unbroken connection with the marine and paralic Upper Carbon- 
iferous, but, together with adjacent Germany, is likewise the region 
having our standards of comparison for the sequence of the land floras, 
which fortunately are also clearly tied into the succession of the marine 
faunas. As a correct understanding of the sequence of the late Paleozoic 
floras is necessary to the proper determination of the time of the Per- 
mian ice-age, and as the presentation of this matter must be rather 
long because of its involved nature, it is deferred to the next section 
of this paper, which deals with the Permian land faunas and floras. 

It has long been well known that the Upper Carboniferous marine 
faunas of the northern hemisphere go into the Permian with abundant 
development and without much change, but that in Middle Permian time 
a great change sets in among them. This condition, however, is more 
apparent than real and is a consequence of the shallow seas under arid 
climates, which in European Russia, Germany, and North America pass 
over into highly saline basins. Hence the normal marine diversified 
faunas change into greatly reduced ones in which brachiopods, bivalves, 
and bryozoans predominate ; corals, echinoderms, cephalopods, especially 
ammonites, and trilobites are, as a rule, wholly absent, but some gastro- 
pods occur. In the ancient mediterranean Tethys, however, the marine 
conditions remain normal, and here we see the abundant life of the 
Upper Carboniferous continued with slight modifications; curiously, 
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even the ice-age of Middle Permian time had no effect on it. This must 
mean that the waters of Tethys continued warm throughout the Per. 
mian, and that none, or but little, of the cold water of the southern 
hemisphere drained into this mediterranean. A marked change, never. 
theless, sets in toward the close of the Upper Permian—a dying out that 
is best seen among the brachiopods, for most of the Paleozoic stocks of 
this class vanish rapidly one after another. On the other hand, the 
Upper Permian seas of southeastern Australia also have a varied marine 
development, but it is quite unlike that of Tethys and evidently: is of 
cold waters. As these seas give way to land conditions before the close 
of the Permian and as there is no marine Triassic in southeast Australia, 
it is impossible to say whether there was a dying out here comparable 
to that of India and Tethys. 

A fairly detailed sequence of the Permian of Russia is given in Part 
II of this essay, but as no tillites occur here we will have to go to India 
to date them. On the other hand, the Upper Permian of Russia has a 
poorly developed marine sequence—in fact, the faunas are of a vanishing 
sea with highly saline or brackish waters—and so it has long been the 
custom to regard the Salt Range of India as the more typical place for 
discerning the faunal succession of Upper Permian time, as described in 
Part V of this paper. It is true that India is far from European 
Russia and in a wholly different faunal province, but at least the brachio- 
pods of the Salt Range show clearly that they have descended directly 
from those of Russia. The interregional correlations are made, how- . 
ever, not so much from the evolution of the brachiopods as from that of 
the ammonites. 

The Permian has the first abundance of ammonites, and in the ma- 
rine realm they are by far the most progressive among all the inverte- 
brates in their extraordinary evolution, while on the lands similar de- 
pendence is had on the reptiles. In Part 14 of “Fossilium Catalogus, 
Animalia,” 1921, Diener lists 193 forms of Permian ammonites, to which 
have since been added 17 others, making a total of 210. These are 
grouped in 41 genera, and 11 of these come from the Upper Carbon- 
iferous and 10 go into the Triassic, leaving 22 genera restricted to the 
Permian. 

Ammonites begin to be common in the Schwagerina zone and occur 
throughout the Artinsk, and, so far as known, these are the oldest ones 
of the Permian of Euro-Asia, though those of the lower Wolfcamp of 
Texas and of the Somohole zone of Timor are still more primitive and 
accordingly older. The higher Kungur and the entire Upper Permian 
of Russia have no ammonites. In the valley of the Sosio River, Sicily, 
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however, occurs another fine assemblage of ammonites, on the whole 
more advanced in evolution and accordingly younger than those of Rus- 
sia. On the other hand, none‘of these ammonite assemblages is closely 
related to that of the upper Productus limestone of India, and only three 
of the latter’s seven genera occur in Russia (Medlicottia, Popanoceras, 
Marathonites), while most of them are very closely tied with those of the 
Lower Triassic. In other words, the ammonites of India indicate a time 
high in the Upper Permian, those of the Artinsk are low, those of the 
Wolfcamp are still older, and those of Sosio are intermediate and appear 
to Noetling to be of the time of the Kungur, or late Middle Permian. 

Smith (1929) says that an ammonoid fauna transitional from the 
Coal Measures to the Permian, such as he here discusses, has long been 
needed, since “there is a great gap between the ammonoids as we last 
see them in the upper Uralian [of the Upper Carboniferous] and when 
we next meet them in the Artinsk [of the Permian].” In the Upper 
Carboniferous of the United States we now know 26 species ‘in 8 genera 
of ammonoids, against only 7 species in 4 genera in the latest “Uralian 
(Schwagerina = Earliest Permian) zone.” The basal Permian or transi- 
tional ammonoid fauna of western Texas, which is much like that of the 
* uppermost “Uralian,” but much richer in forms, is now known to have 
17 species, as follows: Gastrioceras, 2 (1 from Pennsylvanian) ; Parale- 
goceras, 1; Schistoceras, 4 (3 from Pennsylvanian) ; Shumardites, 2; 
Marathonites, 3; Agathiceras, 1; Daraelites, 1; Uddenttes, 1; Paraprono- 
rites, 1; and Prothalassoceras, 1. The first seven genera come from be- 
low, while the last three take their start in the Permian. 

The Permian ammonoid fauna of Timor, Dutch East Indies, is, Smith 
says (1927, page 1): 
“the richest in the world in genera, species, and number of individuals col- 
lected. Its only rivals are Sosio in Sicily, and Texas, but it surpasses both. 
It is especially rich in Cyclolobide and Medlicottiide, while relatively poor 
in Ceratitoidea. . . . Here we have the past, the present, and the future 
together. . . . In this region, too, we have the smallest break in the 
Cephalopod fauna between the Permian and Lower Triassic. . . . The 
forebears of all the stately and beautiful genera of the Triassic may be seen 
in the simple and unpretentious forms of the Permian.” 


There are four ammonite zones in the Permian of Timor, but this fact 
is deduced only from the evolution of the forms, since none of these 
zones have been found superposed. The lowest zone is that of Somohole, 
which has 9 species in 6 genera. This assemblage corresponds “very 
closely to that of the Wolfcamp formation of the Glass Mountains 
of Texas” (page 5), but the latter zone is, he states, somewhat older 
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than any other known ammonite horizon. Both localities are character. 
ized by archaic types, survivors from the Uralian stage, and both are 
marked by the abundance of Marathonites. 
The next higher zone of Timor is that of Bitauni, which has added 
much that is new, having 29 species (3 from below) in 15 genera. 
“The Bitauni fauna corresponds rather closely to that of the Leonard for- 


mation in west Texas. It is rather more specialized than the Artinsk and 
less so than that of Sosio in Sicily’ (page 5). 


Basleo is the third zone, with 16 forms (2 from below) in 10 genera, 
This zone “agrees fairly well with that of Sosio in Sicily and that of 
the Word formation in Texas,” and the three regions are characterized 
by the occurrence of Waagenoceras. 

The highest zone is that of Amarassi, with 8 species (6 from below) 
in 7 genera. It 
“may be correlated through the occurrence of Cyclolobus . . . with the 
lower stage of the Upper Productus limestone of the Salt Range in India. 

The uppermost Permian is not known in Timor; nothing comparable 
to the Otoceras fauna of Armenia nor the Episageceras wynnei zone of India 
has been found” (page 6). 


In general, Medlicottia is one of the most important Permian guides. 
Closely related are Propinacoceras and Prosageceras. The ceratites are 
represented by Paraceltiles, Yenodiscus, and Otoceras, while of the typi- 
cal or later ammonites there are Hungarites, Agathiceras, Popanoceras, 
Stacheoceras, and Cyclolobus. At the very base of the Permian in Texas 
appear the diagnostic genera Uddenites (of the Medlicottiine), Para- 
pronorites, and Prothalassoceras, but it lacks Paragastrioceras, Propina- 
coceras, Artinskia, and Medlicottia of the Russian Artinsk. According 
to Smith (1929), the basal Permian assemblage of Texas is more special- 
ized than the late Carboniferous ones and less so than that of the 
Artinsk. 

The late Paleozoic glaciation, Smith says (1929), 

“could not have happened anywhere near the Texas sea at the close of the 
Coal Measures or beginning of Permian, when Cephalopoda, Brachiopoda, and 
Fusulinidse could live through the transition unchanged, and when near- 
ammonites could live through with no generic and little specific modification. 
If any effect of glaciation is to be found in the Southwestern States, it must 
be sought . . . above the Word formation, . . . since the cephalo- 
pods show a virtually continuous genetic series from the Pennsylvanian 
through the Word (the American equivalent of the Sosio Permian of Sicily). 
Also, the land floras show no decided break between Pennsylvanian and Per- 
mian up to the arid epoch.” 
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The Zechstein fauna of Germany has long been seen to be directly 
related to the Kazan or the typical Upper Permian of Russia. 

It is now in order to comment on the very interesting Permian marine 
sequence of the Salt Range and also the continental one of peninsular 
India. When the marine faunas of the Salt Range were first studied, 
they were regarded by Waagen and by others before him as of Upper 
Carboniferous age, but as he became better acquainted with the late 
Paleozoic faunas of the world he was convinced that those of the Pro- 
ductus limestone were younger, holding that all of Permian time was 
represented in the Salt Range. Therefore, with tillites at the base of the 
sequence, these glacial beds should be of early Permian time. The Geo- 
logical Survey of India was, however, much concerned over the fact that 
another of its paleontologists, Feistmantel, was holding that the Ganga- 
mopteris flora was of early Mesozoic age, since some of it continues even 
into Jurassic time; and yet at the base of this Gondwana system of 
wholly terrestrial deposits was apparently the very same series of tillites. 
To adjust this matter, Noetling (1901) spent three winters in the Salt 
Range, tracing the marine beds from place to place and collecting the 
fossils according to zones more carefully than had been done heretofore. 
Finally, the German paleontologist Koken (1907) also made large col- 
lections in the Salt Range under Noetling’s guidance, and their pub- 
lished results led to a definite zoning somewhat different from that of 
Waagen. 

The Productus limestone series, with a thickness of about 700 feet 
and fossiliferous throughout, has no ammonites in its lower 380 feet, the 
first two appearing in the upper 20 feet of the Virgal group; six other 
species are in the next 300 feet of the Chideru group. These and five 
other forms found in the Himalayas—and all are significant forms in 
stratigraphy—are now regarded by all students as indicative of latest 
Permian time; in fact, Noetling and Koken correlate the whole of the 
Productus limestone with the Zechstein of Germany, which is the equiva- 
lent of the Kazan and the lower part of the Tatarian of Russia; in other 
words, all are of Upper Permian time. 

All that lies below the Productus limestone has been called Pan- 
jabian by Noetling; it has a maximum thickness of about 600 feet and 
the basal 20 to 150 feet make the Talchir boulder beds. As all of these 
strata are intimately tied with and go unbroken upward into the Pro- 
ductus limestone, it follows that they are also of Permian time, and all 
the more so since just above the tillites is a thin zone having Eurydesma 
globosum and Conularia levigata. These or very similar species are 
found in the same relative positions above tillites in New South Wales 
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and in southwest Africa, and in both places are associated with Glossop. 
teris. More than 150 feet above the tillites appear the earliest invaders 
of the Productus limestone fauna. 

Furthermore, at Umaria, in the central Indian State of Rewah, occurs 
a zone about 5 feet thick, with marine fossils, in the continental deposits 
of the lower Barakar, beneath the Gangamopteris flora and above the 
tillites of the Talchir series. All are of an unbroken sequence in the 
Gondwana series. Reed * has described and illustrated the small fauna, 
which has five named species and eight unnamed ones (see page 850 
for further discussion). The relations of this biota, Reed says, are with 
those of the Himalaya and Russia, and he regards it as of Permo-Car- 
boniferous time, which means, of course, Lower Permian. On the other 
hand, Wadia places the Barakar in the Middle Permian and the present 
writer refers this stage to a time well up in the Middle Permian. The 
marine transgression, in Reed’s opinion, came in either “from the north 
through Rajputana or from the west coast” of peninsular India. The 
writer thinks it more likely that it came from the north and Tethys, and 
that the marine zone of the Barakar had the cold-water connections seen 
in the first marine faunas of the Salt Range, which also appears to have 
had intercommunication with Australia. 

With this evidence at hand, there can be no doubt that the tillites and 
the Gangamopteris flora of peninsular India and Kashmir can not be 
older than the Permian. The only question that remains unanswered 
is this: Is the Panjabian of the Salt Range, which is mainly of coarse 
marine materials having a thickness of 600 feet, the equivalent of the 
whole of the continental deposits of the Rotliegende of Germany, with 
its average thickness of 1,600 feet? Of course, the mere contrasting of 
coarse deposits with one another, whether of marine or land origin, can 
have little time significance. Of far more value is the fact that the 
Rotliegende has at least three successive floras, whose evolution indicates 
a considerable lapse of time and which developed during the Lower and 
Middle Permian. On the other hand, the Panjabian has a small marine 
fauna with decided Australian affinities, and ties directly into the Lower 
Marine series of New South Wales, which the writer, on the basis of the 
Indian section, regards as not much older than Upper Permian time be- 
cause its only faunal comparisons are, even if distant, wholly with the 
Productus limestone of the Salt Range. Another comparison can be 
made, and this time in regard to the thicknesses of the other formations, 
namely, with the Lower and Middle Permian marine series of the Glass 


2 Records Geol. Survey India, vol. 60, 1928, pp. 367-398, 4 pls. 
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Mountains of Texas, having a thickness of 4,000 to 6,000 feet, of which 
much more than one-half is limestone. Are we to conclude that the 
Panjabian 600 feet of coarse-detritals have taken as long to deposit 
as the 4,000 to 6,000 feet of mostly calcareous deposits of Texas? Im- 
‘possible ! Rather the conclusion appears to be that the Panjabian occu- 
pies a more limited time, about that of the upper Rotliegende (Kreuz- 
nach and Wadern beds), which for easy reference we will call, as do the 
Germans, Middle Permian. Hence the writer can only conclude that the 
Permian ice-age is of late Lower Permian, or, better, Middle Permian 
time, and that the Gangamopteris flora appears with the late Middle 
Permian and some of it (Glossopteris) continues all through the Upper 
Permian and even goes as high as the Jurassic. 


PERMIAN LAND FAUNAS AND FLORAS 


On the land the evolution of life arouses our interest even more than 
that of the seas, for here, in the northern hemisphere, we see the vanish- 
ing of the older cosmopolitan Euro-American coal floras and the rising 
elsewhere, in early Permian time, of the Asiatic-American Gigantopteris 
floras, while in South Africa, the United States, and Europe arises for 
the first time a wonderful horde of reptiles. 

A study of the environments of all Permian tetrapods led Case to con- 
clude (1926, page 204): 

“There was initiated in late Carboniferous time a progressive climatic 


change which continued through the Permian and culminated in the very 
widely spread and intense aridity of the late Permian and Triassic.” 


With this increasing aridity, there soon appear in the Permian the 
first conifers, along with cycads and modern ferns, and now the ancient 
insects are about all gone and their places are taken by a host of highly 
diversified small ones that for the first time, in the early Permian, 
undergo metamorphoses during the resting stage, while the drought 
ison and food is not available. Again, because of the same increasing 
aridity, the water-loving amphibia in the United States, South Africa, 
and Europe are adapting themselves to the dry-land condition, but in 
doing so the ascendency is with the progressive reptiles, and now these 
tetrapods for the first time spread over all the lands, low and high, and 
a few even take to the sea. On the other hand, hardly any reptiles are 
known in the Permian of South America and none at all in Australia. 

Even this is not all that was wrought by the trying climates, since 
with the glacial conditions of the southern hemisphere there appears 
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more or less simultaneously in Australia, South Africa, South America, 
and India the elsewhere-originating Gangamopteris flora, and due to the 
accompanying wet and cool conditions vast amounts of coal are formed, 
In most of these lands there is not an earlier trace of this flora, and 
only in South America has a very limited Upper Carboniferous one been 
found. Seward thinks (1897, page 336) that the Gangamopteris flora 
may have originated in Antarctica, where a little of it actually occurs 
and whence the flora may have radiated across a land bridge into Aus- 
tralia, Africa, and India along one line of migration and across another 
one into South America. 

Knowlton considers that this flora originated either in Australia or 
Antarctica, and adds: 

“I believe there was in Permo-Carboniferous time a practically continuous 
land connection between the Antarctic Continent (Gondwana Land) ané 
South Africa, Australia, India, and South America.” * 


Over vast areas the Permian continental ice-sheets must have driven 
away and exterminated the older indigenous cosmopolitan flora and 
amphibian world. If the Gangamopteris flora originated in Antarctica 
during the early Permian, then it would have been stimulated into radial 
dispersion with the coming of an ice-age during Middle Permian time 
throughout the southern hemisphere. It was prevented from getting 
into the northern lands chiefly by the general aridity prevailing there and 
by the vast transverse mediterranean of Tethys and the Caribbean. 

The opinion is almost general among paleontologists, and especially 
among paleobotanists, that the climate of the widely extending lands of 
Upper Carboniferous time, with their coal swamps, was, at least for the 
northern hemisphere, damp, warm, subtropical, but not necessarily 
tropical, and decidedly equable or maritime. In many of the coal basins 
the sea oscillated back and forth, so that the land conditions alternated 
with those of shallow seas. The inorganic and organic record is ac- 
cordingly one of both land and sea; hence the term paralic. It is true 
that some paleontologists, chiefly Potonié, hold that the climate was 
tropical, while Frech believed it to be cool but frostless. As mountains 
were rising in many continents during Upper Carboniferous times, some 
of the coal basins were intermontane and yet lay continuously near sea- 
level, sinking about as fast as, and at times faster than, the wash of the 
highlands was deposited in them. ‘These basins in North America 
commonly have from 3,000 to 5,000 feet of strata, while the more local- 
ized Westphalian one of Germany sank from 9,000 to 16,000 feet, and 





* Bull. Geol. Soc. America, vol. 29, 1918, page 613. 
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Silesia and the Don Valley have the astonishing record of 22,000 feet 
and 23,700 feet, respectively.. The coal basins in North America occur 
between 33 and 48 degrees, and those in Europe between 45 and 55 de- 
grees north. The Permian coals of China lie between 40 and 20 de- 
grees north; of peninsular India, between 15 and 25 degrees north; 
of South Africa between 16 and 33 degrees south; of South America, 
between 15 and 25 degrees south; and of Australia, between 30 and 
42 degrees south. 

Coleman does not believe in an Upper Carboniferous winterless and 
cosmopolitan flora common to the world; he says (1926, page 182) : 

“The argument from the ‘cosmopolitanism’ of the Coal Measures flora is 
not worth much when one recalls that these rank growths occurred only in 
parts of North America and Europe and are scarcely known from any of the 
other continents.” 


This idea is presented at greater length by Coleman in his paper of 
1925. 

It is true that this idea of a world-wide Upper Carboniferous flora 
can no longer be proved so easily as of old, because the parts of it be- 
lieved to be present in South America (Brazil), South Africa, and Aus- 
tralia are now known to be of Permian age or were based on error like 
that of Tete, Africa, which no one can rediscover. However, something 
of this flora is known as far south as northwestern Africa (Morocco), 
eastward in the area of the Black Sea, south into Egypt and Arabia, in 
southern and central China, and finally in Peru (coal beds here) and 
Bolivia, South America.*® 

On the other hand, no one has yet found Upper Carboniferous forma- 
tions in Africa south of the Sahara, in India, or in Australia; and in view 
of this lack of information, it is wrong to say that this cosmopolitan 
flora was restricted to the lands of the North Atlantic. The evidence 
for a world-wide equable Carboniferous climate is, however, based on 
more than the coal formations of Europe and North America. In ad- 
dition to the distribution given above, it is seen that the Upper Car- 
boniferous and early Permian floras are all very much alike throughout 
the northern hemisphere, and with the additions in South America the 
climatic evidence is all for warm and equable ones, with the tendency 
toward aridity in the Permian. 

Finally, the hold-overs from the Upper Carboniferous floras occurring 
in the Permian of the southern hemisphere can not all be migrants from 
the north, but some at least have continued to lite even in the southern 


A. C. Seward: Quart. Jour. Geol. Soc. London, vol. 78, 1922, pp. 278-284. 
LI—Bu.Lu. Grou. Soc. AM., Vou. 39, 1927 
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hemisphere, since the Permian ice-age could not have blotted out all the 
life of each continent. Accordingly, the writer thinks it still quite 
proper to speak of the Upper Carboniferous flora as a cosmopolitan one, 
not necessarily so for most of the world (though this may be true), but 
at least for the northern hemisphere, and all the more so for the United 
States, making it improbable that there were here areas of even alpine 
glaciers. (The supposed glacial evidence in Oklahoma is discussed in 
Part IV.) 

In 1905 Arber produced a monograph of the Gangamopteris flora as 
then known in India, Australia, Africa, and Brazil, amounting to 7% 
species in 36 genera. The common and most characteristic forms are 
Schizoneura (3), Glossopteris (13), Gangamopteris (5), Teniopteris 
(3), Rhipidopsis (2), and Noeggerathiopsis (4). Of the older cosmo- 
politan flora there still remain Annularia, Sphenophlyllum, Psygmo- 
phyllum, Sphenopteris (4), Pecopteris, Lepidodendron (3), Phyllotheca 
(7), Voltzia heterophylla, Sigillaria brardi, Lepidophloios laricinus, 

David White says (1907, page 628) : 

“The types composing the Gangamopteris flora belong, as Professor Arber 
has so well shown, almost exclusively to families already well known in 
the cosmopolitan flora. . . . That the development of this flora was 
directly consequent to a Permo-Carboniferous period of regional refriger- 
ation is now no longer questioned. . . . The conditions which brought the 
new flora into being banished or exterminated the Cosmopolitan, or northern 
Permo-Carboniferous, flora from the Gangamopteris province.” 


In another place we find this statement by David White (in I. C. 
White, 1908, page 397): 


“The cosmopolitan character and uniformity in distribution [of the Penn- 
sylvanian floras] forbid the admission of a glacial epoch between the base 
of the Upper Carboniferous and the close of the Upper Coal Measures, which 
marks the disappearance of many of the Coal Measures types. From that 
time on the floral changes are relatively rapid. . . . I am strongly 4is- 
posed to regard the glaciation and approximate date of origin of the Ganga- 
mopteris flora as not earlier than the orogenic movements and floral changes 
which ushered in the Permian. It is, in my judgment, highly probable that a 
large part of the Paleozoic Gondwanas are later than the Rotliegende.” 


This important conclusion means that the Gangamopteris flora of 
India begins with the Upper Permian. 

Most of the Gangamopteris flora does not in itself give unmistakable 
evidence of its climatic conditions, but the woods do. 

Gothan (1924) restates the well-known fact that annual growth-rings 
are also found in forests of warm and tropical! climates, but here such 
species are scarce and are specific adaptations. They are more common 
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where there are long dry seasons. On the other hand, in forests of cool 
to cold climates most of the trees show decided annular growths, and 
the longer the resting season the more pronounced are the rings. 

Since regularly formed growth-rings are practically absent in the 
woods of Upper Carboniferous formations, Gothan holds that this proves 
that they grew in winterless and equably wet climates; and this is true 
even so far north as Spitsbergen. Furthermore, in these floras there 
are never seen the resting buds that are so common in cold-climate 
forests. Nor have growth-rings been found in those of the Rotliegende 
or the Kupfersandstein of Germany and European Russia. In the 
Gangamopteris floras of the southern hemisphere, however, the story is 
wholly different, and its woods from Australia, India, Falkland, and 
Uruguay nearly all show more or less clear annual growth-rings. Even 
in the Upper Permian floras of Siberia and northern Russia the woods 
are ringed, and are held to prove for these regions cooler seasons than 
during the time of the Rotliegende. The climate of the latter forma- 
tion was, however, somewhat cooler and drier than that of the Upper 
Carboniferous, but in general it could not have been radically different 
from that enjoyed by the older floras (pages 44-51). The woods of the 
younger Gangamopteris flora have less well developed rings, showing an 
amelioration of the climate (page 157). Knowlton says the same but 
with less detail.* 

Gothan goes on to say (1924, page 145): 

“As well from the systematic as the physiologic standpoint, the floras of 
the Rotliegende of Germany and of North America are inseparably united 
as a whole with those of the Coal Measures. Many species are known to 
continue unchanged from the youngest Upper Carboniferous, and some of 
them continue to be common, into the Rotliegende. . . . Almost the 
whole of the Coal Measures flora has everywhere vanished by the time of 
the oldest Zechstein.” 


Another flora that lived at the same time as that of the Rotliegende is 
known as the Gigantopteris flora. It is widespread in eastern Asia and 
is also well represented in western North America. As the leading 
elements of the Gigantopteris flora seemingly originated in Asia, it is 
plain that they must have arisen here in latest Upper Carboniferous 
time. In China the Gigantopteris flora is overlain by much younger 
and modified parts of the Gangamopteris flora, but in western North 
America the former plant assemblage continues, though in process 
of modification, throughout Lower Permian time, and here no Upper 





‘Bull. Geol, Soc. America, vol. 30, 1919, pp. 499-566. 
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Permian flora is known. Regarding the Gigantopteris assemblage, David 
White says: ° 

“According to their composition and relations, the floras of the younger 
Carboniferous in Shansi and Sheng-King, or Manchuria, which are either 
at the latest Pennsylvanian stage or in the early Permian, may with prob- 
able safety be assumed to have antedated the early Gondwana glaciation 
and the existence of the Gangamopteris flora in southern Asia.” 


More is said about this flora in Part IV, under the heading of the 
Permian of Kansas. 

Recently T. G. Halle has produced a very large and valuable mono- 
graph of the late Paleozoic floras of central Shansi, China.’ From it is 
taken the following: 

Beneath the Gigantopteris flora in the lower Yuehmenkou, or Taiyuan, 
series occurs another flora of Stephanian or lower Ottweilian time, hav- 
ing ten species, of which three go up into higher formations. This flora 
has Annularia cf. pseudostellata, Sphenophyllum oblongifolium (goes 
up), Sphenopterts, Pecopteris, Alethopteris, Neuropteris, Callipteridium 
trigonum (goes up), Lepidodendron gaudryi, Cordaites schenkit. In the 
upper beds of the same series occur but four forms and all are long- 
ranging species: Annularia stellata, Calamites, Stigmaria ficoides, Cor- 
daites. These.“may be classed as Upper Stephanian,” and the whole 
rock series has a thickness of about 620 feet. 

Then follows the lower Shihhotse series. with a thickness cf about 550 
feet, having 64 species of plants, of which 15 have wide distribution, 5 
are from below, and 10 go up into higher strata. 'This series has the first 
of the Gigantopteris flora, the most characteristic of which are Annul- 
arites, Sphenophyllum emarginatum and 2 other species, Sphenopteris 
tenuis and 4 other species, Oligocarpia, Chansitheca, Pecopteris (6), 
(ladophlebis, Alethopteris (2), Odontopteris subcrenulata, Emplectop- 
teris, Teniopteris multinervis and 6 other species, Gigantopteris whitei, 
G. lagrelii (goes up), Cordaites principalis, Dioonites, Plagiozamites, 
Tingia carbonica. Halle says that while this plant evidence 
“is not quite sufficient to prove a Permian age, . . . all things considered, 
it is most convenient, as a working hypothesis, to regard the base of the 
Shihhotse series as representing the beginning of the Permian in Central 
Shansi” (page 264). 


5 Proc. U. S. Nat. Mus., vol. 41, 1912, p. 512. 

*Pal. Sinica, Series A, vol. 2, fase. 1, 1927. 

To learn how this flora is tied into the marine sequence, see Grabau, A. 1924, Stra- 
tigraphy of China, pt. 1, Paleozoic and older. Geol. Surv. of China, Peking, 1924, pp. 
325, 331, 371, 386-393, 484, and 498-504. 
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The upper Shihhotse, with a thickness of about 880 feet, has 73 
forms of plants, representing the later Gigantopteris flora. Unmistak- 
able Permian genera here are Neuropteridium (2), Chiropteris reni- 
formis, and Baiera (3), but no Walchia are present nor any typical 
Upper Permian plants. The essential elements of this florule are An- 
nularites (3), Asterophyllites longifolius, Sphenophyllum (3), Sphenop- 
teris (7%), Asterotheca orientalis, Pecopteris (10), Odontopteris (2), 
Teniopteris (6), Gigantopteris nicotianefolia, Rhindopsis, Saportea, 
Psygmophyllum, Plagiozamites oblongifolius, Tingia crassinervis. Halle 
says that both the lower and upper Shihhotse are of about the same 
general age, and “for the present there is no evidence that the [upper 
half of this series] extends above the middle of the Permian” (page 267). 
On the other hand, Grabau has an interbedded marine fauna with am- 
monites, and on the basis of their evolution he correlates them with the 
“Middle or early Upper Permian” (page 273). Halle then goes on to 
say (page 275): 

“The bulk of the workable Paleozoic coals south of the Yangtze are char- 
acterized by the flora with Gigantopteris nicotianefolia and are roughly con- 
temporaneous with the Upper Shihhotse series (and perhaps part of the 
Lower Shihhotse series) of Central Shansi. . . . Nothing contradicts a 
Middle or possibly early Upper Permian age of the Gigantopteris flora of 
Central and South China, which seems to be indicated by the marine faunas 
(Grabau, 1923-24).” 


Halle also regards as “well justified” the conclusions drawn by David 
White regarding the Gigantopteris flora and the relations between the 
Paleozoic floras of eastern Asia and North America. 

The climate during Yuehmenkou time was warm and humid (coals 
and bituminous strata), and during lower Shihhotse time there were 
annual seasons of drought and humidity.. Finally, after Shihhotse time, 
China passed more and more into arid conditions. 

“No doubt this deterioration of the climate was largely instrumental in 
breaking the domination of the cosmopolitan Arcto-Carboniferous flora. The 


continuous belt of a rather uniform type of vegetation was broken up, and the 
local differences already existing became more pronounced” (pages 292-293). 


W. P. Blanford was one of the first to hold that the Antarctic Con- 
tinent was the original area of development of the Gangamopteris flora. 
The same opinion has been offered by subsequent writers, and Seward 
(1897) announced the discovery of Glossopteris within 5 degrees of the 
South Pole. This evidence then supplied “what is needed to bring hy- 
pothesis within the range of established facts.” If the Gangamopteris 
flora arose on Antarctica, then it appears to have been easy for these plants 
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to spread into South America, and here this flora is known north to 15 
degrees south (see figure 1). As zoogeographers have long demanded 
lands connecting South America and Australia with Antarctica, we 
have in these connections migration routes for the spread of the Gan- 
gamopteris flora. The other route would be via Australia, northwest to 
India, and from here it radiated earliest into South Africa, and finally, 
late in the Permian it got across the mediterranean Tethys into the 
Uralian region, whence it spread east into Siberia and China (see 
figure 1). 

Gothan properly makes a great deal of the fact that in the northern 
hemisphere there is an “Arcto-Carboniferous flora,” and in the southern 
one an “Antarcto-Permo-Carboniferous flora,” both of which are circum- 
polar in radiation. To the writer it appears probable that the Arcto- 
Carboniferous flora once was also more or less common to the southern 
hemisphere, and that the Permian ice-age was felt earliest in Antarctica, 
namely, during Lower Permian time. As the ice-sheets of this polar 
land spread equatorward they drove in front of them the Gangamopteris 
flora, which thus, in Middle Permian time, attained all the continents of 
the southern hemisphere. 

The Gangamopteris flora has been found beneath the tillites in South 
Africa, and in.South America it is associated with the tillites. Therefore 
it is correct for White to say (1907, pages 624-626) that the Permian 
ice-age 
“dates from the time of the glacial boulder conglomerates—that is, from the 
glacial period itself. . . . Hence the occurrence of this flora in great 
uniformity, including an extraordinarily high degree of specific identity, and 
in relative purity, contemporaneously in India, Australia, South Africa, and 
southern South America, leaves no recourse but to conclude that the land sur- 
faces over which it extended were in such continuity, or intimate geographical 
relation, as freely to permit the migration of the flora, practically in toto, be- 
tween all these quarters of the globe” (see figures 1 and 3). 


On the other hand, it is the view of Arber (1905), and more especially 
of Seward (1924), that “the lowest beds containing remains of Glossop- 
teris flora are, in all probability, homotaxial with the Upper Carbonifer- 
ous rocks of the northern hemisphere.” In other words, they believe 
that while the cosmopolitan Upper Carboniferous flora was living in the 
northern hemisphere, the Glossopteris one was in existence south of 
the equator. This contemporaneity of the very different northern and 
southern floras. the writer holds can not be maintained when the floras 
are checked into the stratigraphic and marine records. We will repeat, 
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that even though there are in none of the continents of the southern 
hemisphere, other than the west coast of South America, any known 
plant-bearing rocks of Upper Carboniferous age, yet in this single oe- 
currence there is at hand a small plant assemblage of the cosmopolitan 
Upper Carboniferous flora. These plant-bearing strata of Bolivia are, 
furthermore, tied into marine ones with younger Upper Carboniferous 
marine faunas. 


CONCLUSIONS ON THE GLACIAL CLIMATE 
(See Correlation Table, page 798) 


Probably the most marked of the three or four world glacial climates 
of geologic time appeared in the Permian. “The Permian glacial 
climate,” says Davis (1908, page 82), “is one of the most remarkable 
problems disclosed by geology.” Tillites and scoured, striated, and 
polished pavements, along with other glacial evidence, are common to 
all the continents of the southern hemisphere, and to at least India of 
the northern hemisphere, and as bits of the Gangamopteris flora have 
heen found within 5 degrees of the present South Pole, it is probable 
that Antarctica is also replete with this evidence. 

In the northern hemisphere glacial evidence of Carboniferous or Per- 
mian time has been reported many times since A. E. Ramsay’s first 
announcement, in 1855, that such occurs in Shropshire, England, but 
most of these discoveries have not stood the test of time. It seems, 
however, that in the Ruhr coal basin of Germany acceptable evidence 
is at hand for local glaciers in late Carboniferous time (for more detail, 
see Part III), reminiscent of a similar restricted glacial time in the 
region around Boston, Massachusetts. The discovery by Cairnes (1914) 
in northeastern Alaska is probably a genuine tillite of Permian time, 
and, if so, that of Kirk (1919) in southeastern Alaska is of the same 
age. The Squantum tillite around Boston is of course an unmistakable 
one, but its age is not yet established, beyond its being probably of the 
Permian. The limestone conglomerates in the late Lower Carboniferous 
and earliest Upper Carboniferous of Oklahoma may be of local glacial 
origin, but the evidence is also interpreted otherwise, and all other refer- 
ences to Upper Carboniferous glacial materials in North America re- 
main unproved. All of these occurrences are discussed by Coleman in 
his interesting and valuable “Ice Ages” and most of them by the writer 
in Part IV of this essay. 

Permian glaciation, of very wide distribution, is best known in South 
Africa, where the continental ice-sheets terminated in the southwest in 
the sea. The tillites and associated beds vary in thickness up to 2,000 
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feet in an area ranging across at least twelve parallels and fifteen me- 
ridians (see Part VI). 

Australia is the continent par excellence for wide distribution and 
long continuance of the Permian cold climate. “Three great periods of 
glaciation have been demonstrated here, with two very long interglacial 
periods, the most extensive known in the world” (Coleman, 1926). 
In New South Wales glacially striated erratics are found at various levels 
through a thickness of upward of 11,200 feet of marine and continental 
deposits (for detail, see Part VII). 

In South America glacial evidence is also of extraordinarily wide 
occurrence, ranging, according to Coleman, through 2,380 miles from 
north to south and 1,400 miles from east to west. In Uruguay, Du Toit 
states, three glacial horizons occur, but in Brazil there appears to be 
but one at the base of the Permian sequence, the tillites and associated 
beds ranging in thickness from 16 to 520 feet (see Part VIII). 

Throughout the Salt Range of India tillites are found with a depth 
of between 20 and 150 feet and followed by more or less of marine sand- 
stones having a maximum thickness of 450 feet. This series of beds 
goes unbroken into the marine Productus limestone, which gives reliable 
data as to the exact age of the Permian tillite, in a later section (Part 
V) demonstrated to be of Middle Permian time. The widest distribu- 
tion of tillites, however, occurs in peninsular India, where they attain 
a thickness of 1,000 feet and extend at least 1,100 miles from north to 
south and 600 miles from east to west. They are followed by the Gond- 
wana series of continental origin, from which came our first knowledge 
of the Gangamopteris flora (see Part V). 

It does not appear from the inherent evidence of the tillites of the 
southern hemisphere that they are all exactly of the same age, or that 
one or the other is older or younger, but everyone concludes that they 
are of one glacial time, just as the various moraines of the Pleistocene 
belong to one glacial age. It may well be, however, that the basal mo- 
raines in southeastern Australia are somewhat older than those of other 
continents, as maintained by David and Siissmilch; but by no possible 
chance can the Australian tillites be stretched into the Upper Carbon- 
iferous, nor does it seem possible to place them even below the Middle 
Permian. The detail for this conclusion is presented in Part VII. 

In this connection it skould not be forgotten that mountain-making, 
beginning at the close of the Lower Carboniferous, was repeated several 
times in the Upper Carboniferous of North America and Europe, to 
point out only the best known occurrences, and: that the culmination of 
this extraordinary time of crustal unrest, the Hercynian system, took 
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place during the Lower Permian. The Uralian Mountains appear never 
to have been very high or very extended, rising rather now here and now 
there and making at times extensive islands in the seas of Upper Car- 
boniferous and Permian times. Other mountain chains of these times 
arose in many places in Asia, from Siberia to the Himalayas, Altai, 
trans-Baikalia, Kuenluen, Nanschan, Tsing-ling-shan, and in the north 
and south of China; also in Japan, Australia, central and south Africa, 
the Andes, and North America (see figure 2). 

With these extensive movements, and especially in the area of Europe, 
there came great intrusions and eruptions of granites, porphyries, dia- 
base, andesite, trachyte, etcetera, with culmination in the early Per- 
mian. Of volcanoes of this time there are remnants still preserved in 
Cornwall and Scotland, Brittany, central France, Germany, the Vosges, 
the Carnian Alps, China, Malay, and other places. 

Finally, at the climax of mountain-making, in the early Permian, most 
of the inland seas began to vanish, and then the lands were not only 
most mountainous but were also largest in area and highest above sea- 
level. Much of the former climatic conditions had been altered from 
warm equable to glacial (in the southern hemisphere) and more and 
more arid, and the dry climates were then of such general distribution 
as the world had not seen before during the Paleozoic; they continued 
more or less so into Triassic time. 

What brought on the decided Middle Permian ice-age in the southern 
hemisphere? Schuchert answered as follows (1926, page 1081): 

“The supercrust was undergoing one of its periodic revolutions, and the 
world was then as scenically grand as it is today, It is in the youthful 


topography, the enlarged continents, and the peculiar connections of the lands 
that seemingly are to be sought the reasons for the Permian ice-age.” 


In the paleogeographic map of Middle Permian time accompanying 

the present paper (figure 3), Australia and South America are more or 
less connected to Antarctica. If it can be proved that these land bridges 
really existed—and they are also demanded by the zoogeographers and 
botanists— 
“then this holding in of so much of the cold waters of the Antarctic Ocean 
[probably most of the drainage of the southern hemisphere was into this 
ocean], combined with moist climates in the southern hemisphere and the 
general highland condition of much of the world in early Permian time, will 
be the explanation for the peculiar position of the continental ice masses of 
the southern hemisphere” (page 1090). 


Brooks says (1927, page 8) that the Permian glaciation “was highly 
abnormal in that the greatest ice-sheets developed in regions which are 
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now not far from the equator,” and it is the only one of the four world 
glacial climates so situated. The cause of these glaciations, he thinks, 
on geographical, but he gives this term a very wide meaning, and in- 
cludes not only the general elevation and enlargement of the continents, 
“the distribution of land and sea and the systems of ocean currents which 
result from it, but also the vertical circulation of the sea,” plus the 
amount of explosive volcanic dust in the air. As of minor value, he 
adds the changes of solar activity. 





FiGure 4.—Geography of the Upper Carboniferous 
After Arldt and Brooks, 


The same author devotes Chapter XV of his book to explaining how 
the “Upper Carboniferous” (== Middle Permian) glaciation might have 
originated on the basis of his paleogeography (his figure 29 is here re- 
produced as figure 4) and the other physical conditions of Upper 
Carboniferous time, two sets of unrelated facts (of late Carboniferous 
and Middle Permian time) that can not be brought together. In addi- 
tion, his paleogeography is far from that shown by the author of this 
essay in figure 3. The latter therefore can not profitably discuss his 
presentation, but agrees with Brooks that the “geographic conditions” 


of Middle Permian time will probably explain how the ice-age came 
about. 
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Finally, we must admit that Middle Permian glaciation alone did not 
bring about the vast changes seen in the life throughout this period, ~ 
but that even more deciding factors were the newly risen highlands, the “' 
vanishing of the inland seas, the enlargement of the continents and their © 
higher general stand above sealevel, the general drainage in the northern 
hemisphere into Poseidon and Tethys, while that of the southern hemig- 
phere was into the Antarctic Ocean, along with the extraordinary in- 
crease of aridity in all of the continents of Permian time. The Mesozoig = 
aspect of the Middle Permian floras and faunas long preceded the greatly” a 
changed marine life that made its appearance in earliest Triassic time, t 
and this change of the air-breathing life was going on long before the — 
coming of the ice-age in the southern hemisphere. Furthermore, there 
is no evidence in the northern lands of a general glacial climate ; locally, 9 
there appear to have been small alpine glaciers, but these could not have” 
brought on widespread cool to cold winters. It is quite evident, how- @ 
ever, that aridity became more and more prevalent during Permian © 3 
time. 

In the southern hemisphere all of the lands had a glacial climate, and 
where the continental ice-sheets lay, there most of the life was for the 
time being exterminated or driven, with a changing evolution upon if, ” 
into milder regions. These glacial conditions may have started in Ant-~ 
arctica and later became general in the southern hemisphere. What re 
mained of the older cosmopolitan flora of northern lands, and more @ 
especially its modified early Permian stocks, became later on a part of 
the invading Gangamopteris flora, and their combination makes the 
known plant assemblages of the Upper Permian. 

The marine life, other than the ammonites, of the northern parts of the | 
oceans (Poseidon and North Pacific), and more especially of vast Tethys, | 
shows no marked evolution during late Upper Carboniferous and early, 
Permian times. This is particularly well seen in the large faunas with ™ 
Upper Carboniferous aspects, even in the far northern seas of the Urals) 
and Timan. During Middle Permian times there begins here a great) 
dying out, not because of temperature conditions, but rather due to 
land movements, resulting in embayed seas which finally, under the im 
fluence of the arid climates, became supersaturated saline cul-de-sacs 
In Tethys there appears to have been no accelerated organic evolution | 
at all, but here the faunas of Middle Permian time are not well knowmy§ 
It was this mediterranean, however, that continued the late Paleozoié™ 
life into that of Upper Permian time, and finally considerable of it per-™ 
sisted even into the Triassic, with some relicts retained into late Jurassi¢” 
time. Nevertheless, it is plain that some critical conditions did occur, 
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toward the close of the Permian, since all of the Producti and most other 
brachiopods, most of the corals, and all of the trilobites failed to continue 
into Triassic times. On the other hand, the marine Permian faunas of 
southeastern Australia are decidedly different from those of Tethys and 
have in the main a development peculiar to this region. This fact must 
mean that the seas of New South Wales were of another marine realm 
and had cool waters throughout Permian time. 


Part II. CARBONIFEROUS-PERMIAN SEAS OF EvuROPEAN RussIA 


(See Correlation Table, page 808) 
GENERAL DISCUSSION 


During Devonian time, according to Bubnoff (1926), the epicontinen- 
tal sea of western Europe was in open and wide connection with western 
Russia; but this condition of things was vastly changed at the close of 
this period by the Bretonian orogeny. In Lower Carboniferous time the 
sea of western Europe did not extend to Russia, but was in wide and open 
continuation south into Tethys. In the Uralian region there was another 
seaway around islands of late Devonian origin, and, while it extended 
some distance westward, its general trend was north-south, connecting 
with Arctic waters and spreading southeast to unite with Asiatic Tethys. 

At the close of the Lower Carboniferous there began rising an east- 
west mountain series (= Sudetian orogeny), which completely sepa- 
rated a later western European coal-making basin of paralic (= marine 
and continental) formations from the similar one of the Don Valley; 
the latter connected east with the normal marine geosynclinal sea of the 
Uralian region, which had open connections north into the Arctic and 
south into western Tethys and a more limited one southeast through 
Asia into eastern Tethys. 

The Carboniferous strata of European Russia, still remaining on the 
whole in the horizontal attitude, are developed in three wide areas: the 
Moscow Basin is the western one; the eastern one is spread all along the 
western side of the Urals out into the Arctic Ocean, while the southern 
one embraces the coal fields of the Don Valley. In the first two areas 
limestones are the dominant deposits and only subordinately occur shales 
and sandstones with coal beds (Kayser, 1923). 

The Upper Carboniferous of the Uralian region, with its long and 
nearly complete faunal sequence, is probably the best marine develop- 
ment of this time in all Europe and is admirably supplemented by the 
paralic one of the Don Valley, which has the extraordinary thickness of 
about 23,700 feet, with 4,225 feet additional of Lower Carboniferous 
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strata. In the latter area there is also a long succession of coal floras 
that can be tied into those of the coal basins of Germany, Belgium, and 
France, and this land life is interbedded with the normal marine gue- 
cession, which ties into that of the Urals. Tschernyschew (1902) is 
therefore correct in saying that Russia is “the starting point for the 
correlation of similar deposits in other countries.” 

The Lower Permian of western Russia occurs in two isolated areas, 
(1) in the west in the Government of Vladimir and the Volga region, 
and (2) on the west slopes of the Urals. The western area, however, 
is not of much stratigraphic importance. The Uralian geosyncline of 
Permian time, according to Bubnoff, was similar to that of the Upper 
Carboniferous, but during Upper Permian time had, at about its mid- 
length, a long and narrow gulf that extended west to England, where 
it ended in a cul-de-sac. This gulf lay to the north of the Sudetian 
Mountains and connected with the Uralian Sea, which during Kazan 
time continued north into the Arctic Ocean. On the other hand, the area 
of the southern Urals and the Caspian became land during later Permian 
time, but the northern end of the sea spread widely southeast across 
Siberia and into eastern Tethys. It was this extension that spread the 
older Permian faunas of Russia into the Himalayan geosyncline, where 
their changed descendants flourished during Upper Permian time. Be- 
tween the northern and southeastern seas, in the area of the Caucasus, 
there were intermittent land conditions which prevented the normal 
marine faunas of western Tethys from getting into the Don region. 
On the other hand, this land appears to have been the bridge for the 
interchange of land life between Europe, India, and Africa. 

The Saalian orogeny of Permian time gradually elevated the Uralian 
Mountains, reducing this old geosyncline more and more and finally 
blotting it out entirely. 

It is now generally admitted that the marine fauna of the typical 
Permian of the Urais, the Upper Permian of present usage, does not 
have a normal life assemblage transitional to that of the Triassic. The 
same is true for Germany and England, and all three areas are of one 
seaway, with Arctic connections. It is the faunas of the higher Upper 
Carboniferous that go unbroken into the Lower Permian (Artinsk and 
Schwagerina zone) of the Urals, and it is these normal marine develop- 
ments that are continued into the Productus limestone of India, which 
is the best Euro-Asiatic expression of the Upper Permian. In other 
words, it was the Ural faunas, spreading southeast into the vast medi- 
terranean of Tethys, that gave rise to the Upper Permian of India. 
This conclusion was first presented by the author in 1906. The final 
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seaways of the Urals and northwestern Europe, on the other hand, de- 
veloped into a great interior sea under an arid climate, and finally into 
vast salt basins that accumulated immense amounts of table and other 
salts. 

The Schwagerina zone is placed by the writer at the base of the lower 
Permian because it also introduces ammonites, and in the higher Artinsk 
they are in greatest variety, but none pass into the younger Kungur 
calcareous or oolitic dolomites with zones of gypsum. In most areas there 
is a marked break in the sequence between the Lower and Upper Per- 
mian, or above the Kungur. This hiatus is closed up fairly completely 
to the west of the Urals, and here the Kungur in its upper part passes 
into the Ufa stage of \ “egated clays, sandstones, and conglomerates 
which in places have gypsum. Few fossils occur here and these are 
fresh-water bivalves and amphibians (labyrinthodonts). 

The best fossils for correlation of the Lower Permian or Artinsk are 
the ammonites. These, according to Karpinsky (1889) and Tschernow 
(1906), are as follows: Pronorites (2), Parapronorites (8), Daraelites 
(1), Medlicottia (4), Propinacoceras sakmare, Gastrioceras (4), Para- 
legoceras tschernyschewt, Agathiceras (3), Popanoceras (4), Stacheoce- 
ras (2), Marathonites (2), Thalassoceras gemmellaroi. 

We must digress here to say that the Fusulina limestone of the Sosio 
Valley in Sicily. is generally believed to be of the higher Middle Per- 
mian, and hence is considerably younger than the Artinsk. The entire 
fauna amounts to nearly 300 species. It has more than 19 genera, with 
66 species, of ammonites, the restricted genera being Sicanites (1), Hoff- 
mannia (2), Doryceras (2), Clinolobus (1), and Hyattoceras (3). The 
other genera are Parapronorites (1), Daraelites (1), Medlicottia (5), 
Propinacoceras (3), Glyphioceras (1), Gastrioceras (3), Thalassoceras 
(4), Agathiceras (3), Adrianites (9), Popanoceras (4), Stacheoceras 
(8), Marathonites (4), Waagenoceras (3), Paraceltites (4). Gastrio- 
ceras and one Agathiceras are closely related, and eight other forms sug- 
gest Artinsk species. On the whole, the ammonites of Sicily are more 
advanced in their evolution, and therefore the Sicilian strata are rightly 
held to be younger than the Artinsk. On the other hand, none of the 
Salt Range Upper Permian forms of India are closely related to those 
of the Urals and only four of the ten genera found in India also occur 
in the Artinsk. Karpinsky therefore concludes that the Productus lime- 
stone of India is younger, and this is borne out by the further fact that 
its ammonites are far more closely related to those of Triassic times. 

Bése has also studied the interrelationship of the ammonites previously 


mentioned. He says (1917, page 32) : 
LII—BuLu. Grou. Soc. AM., Vou. 39, 1927 
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(This comparison of the ammonoids of Russia and Sicily] “shows us quite 
clearly that the Artinsk contains a number of rather archaic genera unknown 
in the Sosio beds. . . . On the other hand, the Sicilian fauna contains 
some highly developed forms, especially those belonging to the Cyclolobing 
(Hyattoceras, Waagenoceras), which are absolutely unknown in the Artinsk 
and find their nearest relations in higher strata of the Permian. . . . The 
Artinsk and the Sosio beds represent paleontological zones of different age, 
and the Artinsk is decidedly older than the Sosio beds.” 


Noetling would place the Sosio fauna about on a level with the Kungur, 
or even “still a little younger.” Diener says (1897, page 90) that 
Waagen places the limestone of Sosio on a higher level than the Lower 
Permian, but on a slightly older one than that of the Jabi beds of the 
Upper Permian of India. 

So far we have been discussing the time values of the marine faunas 
and mainly the ammonites, but the land-living vertebrates of -the Per- 
mian and chiefly of the Upper Permian of north Russia also are of value 
in this connection. During late Paleozoic time, according to Von Huene 
(1925), eastern North America continued as Eria across the North 
Atlantic to Europe, and it was the path for intermigrations and radia- 
tions of life. On the other hand, Europe and Asia were more or less 
completely separated from Africa and India by Tethys during Upper 
Carboniferous time, but finally, in the Upper Permian (Tapinocephalus 
zone of South Africa), a favorable land bridge came into existence be- 
tween northwestern Africa and Spain, at first permitting the life of 
Europe to spread into South Africa; but in Upper Permian time (Cis- 
tecephalus zone) the migration stream was reversed, spreading the 
austral life to Scotland and thence east into northern Russia. 

Besides this western land bridge, the writer agrees with Case (1926) 
that there undoubtedly was another one much farther to the east. Case 
lays it across Madagascar and Lemuria to India, and thence north to 
Russia, while the writer thinks it may have been from northeastern 
Africa through Abyssinia, Arabia, and western Persia across the Cau- 

casus into the Ural region. This bridge need not at any one time have 
been continuous from Africa to Russia, for undoubtedly Tethys spread 
variously over parts of it. It was across one or the other or both of these 
bridges that the land life radiated, but at times was blocked by altitude 
and climate.’ The eastern bridge, chiefly, was impassable during Middle 
Permian time because of the climate, which was too cold (some tillites 
here) for a general dispersal of vertebrates. 

The African relations are best seen in the four dicynodonts of north 
Russia and the five of Cutties Hillock, Scotland, all of which are closely 
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related to those of the Cistecephalus zone of South Africa. There are 
other migrants, like the four pareiasaurians (related to those of the 
Endothiodon zone), and yet others of more distant relationships. 
Huene’s conclusions, then, are (1925, pages 45-46) : 

“4 general survey of the European Permian faunal sequences shows that 
at first there is a preponderance of the endemic American-European assem- 
plage. . - - Of the North American known Lower Permian migrants, all 
gradually take on more and more a distinct European impress, especially in 
peculiar Cotylosauria, which had their origin in North America, but in 
Europe persist throughout the Permian and even extend far into the Tri- 
assic. . . . Pelycosauria are common throughout the whole of the Euro- 
pean Permian, and they continue far into Triassic time. . . . During the 
Middle and Late Permian there arises a second faunal assemblage through 
migrants from the south . . . of Tethys.” 


SYNOPSIS OF HISTORICAL GEOLOGY 
(Based largely on Bubnoff (1928) and Tschernyschew (1902) ) 


Highest Permian, or Tatarian stage in part.—It is over 325 feet 
thick, (?) younger than Kazan. On the Little Dwina and Suchona 
rivers of northern Russia (State of Wologda), Amalitzky has made 
known the following interesting floral and faunal succession, showing, 
in the plants and vertebrates, close relations with the life of South 
Africa : 

1, Marine shales and sandstones of Aristov with Synocladia virgulacea, 
Acanthocladia anceps, Edmondia elongata, Loxonema gibsoni, L. alten- 
burgense, Turbo obtusus. 

2. Fresh-water variegated shales with sandstone lenses. Has of land 
plants: Equisetum, Schizoneura, Noeggerathiopsis, Teniopteris, Sphe- 
nopteris, Callipteris, Aroides crassipelta, Gangamopteris major, G. cy- 
clopteroides rossica, Glossopteris angustifolia, G. stricta, G. communis 
rossica, G. indica psygmophylloides, Vertebraria, Psygmophyllum expan- 
sum, P. cunetfolium. 

Of invertebrates: Paleomutela (4), Paleanodonta (2), Anthracosia, 
Carbonaria, Anthracomya, Estheria. 

Of Stegocephalia: Rhinosaurus, Chalcosaurus, Melosaurus, Zygo- 
saurus, Platyops (2). 

Of reptiles: Cotylosauria: Kotlassia (3), descendants of North Amer- 
ican older stock. Primitive Plagiosauria: Dwinosaurus (3). Pareia- 
sauria: Pareiasaurus (4; some 13 feet long). Dicynodontia: Large Dicy- 
nodon (2), Gordonia (2; genus also in Scotland). Gorgonopsia: large 
Inostranzewia. Therocephalia: Anna. Cynodontia: Dwinia. Von 
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Huene (1925) says that many of these reptiles have their nearest rela- 
tives in the Cistecephalus zone of South Africa, where the climate was 
semiarid. 

3. At Opoki and Jeciptseo follow shales and sandstones with Callip. 
teris conferta, Lepidodendron, etcetera. 

+, Sandstones and shales at Brasnoborsk and Labli, on the upper 
Toima and Seftra rivers. Productus cancrini, Macrodon kingianum, 
Leda speluncaria, Bakewellia ceratophaga, Schizodus rossicus, 8S. planus, 
Streblopteria sericea. 

Upper Permian, or Kazan stage—The region is Samara and Oufa of 
the southern Urals (Permian sensu stricto of Murchison) ; correlates best 
with the Zechstein of Germany. Of the 213 species of Upper Carbon- 
iferous brachiopods, but 10 recur here. The Upper Permian of Russia 
has about 40 species of brachiopods, and everywhere in Europe this di- 
vision has a small and peculiar brachiopod fauna. 

The upper Kazan has Bakewellia sedgwicki, Modiolodon elongatum, 
Pseudomonotis kazanensis, Crassatellina plana, Solemya kazanensis. 

The lower Kazan has of characteristic fossils: Synocladia virgulacea, 
Dielasma sufflata, Productus hemisphericus, P. konincki, Aulosteges 
wangenheimi, Camarophoria superstes, Spirifer rugulatus, 8. curvirostris, 
S. latiareatus, Bakewellia parva, B. longa, Pleurotomaria batanowke, 
P. antrina, P. kingi. 

The Kazan stage is divided as follows: 

Brown grits, marls, and limestones. Has some bivalves, as Allorisma 
elegans, etcetera. 

Gray slaty limestones, with intercalated marls and friable grits. Has 
Murchisonia subangulata, Turbonilla altenburgensis, Macrodon kingia- 
num, Osteodesma kutorgana, Leda speluncaria. Of fishes: Paleoniseus, 
Acrolepis. 

Grits and gray limestones, more or less copper-bearing ; rich in small 
brachiopods: Spirifer rugulatus, Athyris pectinifera, Dielasma elongatum, 
Productus cancrini, P. hemisphericus, Strophalosia horrescens; some 
bivalves and corals. Of plants: Calamites gigas, C. decorans, Callipteris 
brongniarti, C. conferta, Sphenopteris lobata, S. erosa, 8. bifida, Cordaites, 
Baiera gigas, Psygmophyllum expansum, P. cuneifolium, Tylodendron, 
Cordaiorylon, Dadoxylon. 

Of tetrapods, these copper-bearing sandstones have: Chalcosaurus, Dis- 
cosaurus, Melosaurus, Rhinosaurus, Zygosaurus lucius, Platyops (2), 
Dicynodon, Deuterosaurus biarmicus, Rhopalodon (2), Chiorhizodus, 
Brithopus, Eurosaurus (2), Orthopus, Synodon. This vertebrate fauna 
finds its nearest relatives in the Endothiodon zone of South Africa. 
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Red argillaceous grits, with intercalations of clay and gray, brown, 
and reddish marls; fossiliferous only in higher beds: Productus cancrini, 
Athyris pectinifera, Dielasma elongatum, Allorisma elegans, Macrodon 
kingianum, etcetera. 

Argillaceous limestones and marls of variegated tints. No fossils. 

Gypsiferous group of limestone, gypsum, and clay. No fossils. 

Lower Permian, or Kungur stage (CPc).—This is the upper part of 
the Permo-Carboniferous of old authors. A gray or yellowish gray 
dolomitic limestone, often passing into dolomite, breceiated or conglom- 
eratic, with intercalated beds of oolite and occasionally of shale. In the 
north Urals, gypsum beds occur. Has a fauna very similar to that of 
the Artinsk, but much smaller and wholly without ammonites. With 
this stage the Permian sea leaves the northern Urals, but the Zechstein 
sea of Upper Permian time occurs farther northwest. 

Characteristic plants of the Kungur are Ullmannia biarmica. Of ma- 
rine shells: Schizodus rossicus, 8. truncatus, Pleurophorus pallasi, Bake- 
wellia antiqua, B. ceratophaga, Pecten pusillus, Lima permiana, Macro- 
don kingianum, Leda speluncaria, Dielasma elongatum, Productus vil- 
liersi, and many species of lower horizons. 

Lower Permian, or Artinsk stage (CPg).—This is the lower part of the 
Permo-Carboniferous of old authors. The Artinsk strata are dominantly 
sandstone, but in places there are also conglomerates, shales, marls, and 
limestones. The first to classify this formation was Murchison, and he 
correlated it erroneously with the Millstone grit at the base of the Eng- 
lish Upper Carboniferous. In 1874 Karpinsky showed that the Artinsk 
fauna was transitional from the Carboniferous to the Permian, and in 
1889 he gave a little map showing the distribution of: these strata all 
along the western side of the Urals, from the Kirgiss steppes to the 
Arctic Ocean. 

Of the 213 species of Upper Carboniferous brachiopods described by 
Tschernyschew (1902), 61 pass into the Artinsk. In 1885 Krotow had 
listed the entire Artinsk fauna, amounting to 293 species, and of these 
150 are Carboniferous types, while 53 are of Permian kinds, and the 
remainder are restricted to this stage. These figures are no longer ac- 
curate, but they show in a general way the relationship of the Artinsk 
to the older and younger formations. 

The Artinsk is divided as follows: Above, Helicoprion shales (Divij 
zone). Has, besides: Trilobites: Griffithides gruenewaldti. Ammonites: 
Medlicottia orbignyana, Popanoceras sobolewskianum, Gastrioceras 
josse, and G. suesst. Nautilids: Temnocheilus postuberculatus. Gas- 
tropods: Pemmatides arcticus, P. artiensis, Wortheniopsis orientalis. 
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Bivalves: Aviculopecten kutorge. Brachiopods: Dielasma moelleri, 
Camarophoria mutabilis, C. biplicata, Hustedia remota, Cleiothyris pec. 
tinifera, Martinia semiplana, M. uralica, Productus stuckenbergi, P. 
moellert uralicus. 

Middle sandstones (Sylwa zone) with Pronorites prepermicus, Para- 
pronorites permicus, P. tenuis. 

Below, Sakmara zone of southern Urals. Has ammonites like those of 
higher zones. 

The flora of Artinsk time has but little of Lepidodendron and Sigil- 
laria, while characteristic are Calamites gigas, Cordaites, Cailipteris con- 
ferta, C. sinuata, many Pecopteris (P. unita, P. pinnatifida), Ullmannia, 
Cordaioxylon, and more rarely Ovopterts lobata. 

In places the Artinsk goes unbroken downward into the Schwagerina 
limestone, and in others there is a decided break, as on the Ufa Plateau. 
The Artinsk sea was most continuous in the south Urals and to the west 
of them, while elevations and island-making were going on in the cen- 
tral Urals. Accordingly, in the south Urals there is a complete transi- 
tion from the equivalents of the Schwagerina limestone into the higher 
bituminous sandstones of the Artinsk series. 

Lowest Permian, or Schwagerina princeps zone (C).—It is about 
195 feet in Timan. Here there are reddish and gray noduliferous lime- 
stones and magnesian limestones with flints; in south Urals light-colored 
limestones. It is in this zone that the Permian faunal expression is 
already well developed, and for this reason the zone is here reterred to the 
Permian. These Permian affinities are best seen in Schwagerina, in the 
first appearance of the ammonites and of the brachiopod family 
Lyttoniide (Keyserlingina) ; also in the many brachiopods that continue 
up into the Artinsk (80 species). 

This zone abounds in Schwagerina princeps (also occurs below in 
Cora zone and above as var. artiensis), Fusulina verneutli, F. tscherny- 
schewi, F. moelleri, F. krotowi, F. subtilis, F. prisca. The corals, 
mostly compound forms, are represented by Dybowskiella, Caninia, 
Timania, Petalaxis, Carcinophyllum, Geinitzella, and Chetetes radians. 
Of bryozoans the most striking are the four species of Archimedes, other 
fenestellids, and Coscinium (2). Brachiopods dominate, with 194 forms: 
Dielasma (13), Hemiptychina (4, none below), Netothyris (3), Aulaco- 
thyris (2), Terebratuloidea (2, none below), Pugnax (8), Camarophoria 
(14), Spiriferina (8), Spiriferella (4), Spirifer (21), Martintopsis (7, 
none below), Martinia (13), Reticularia (4), Meekella (2), Orthotichia 
(1, none below), Keyserlingina (2, restricted here), Chonetes (11), 
Aulosteges (1), Productus (40), Proboscidella (3), Marginifera (8). 
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Bivalves: Myophoria precox, Bakewellia ceratophaga, Conocardium 
uralicum, Streblopteria (3), Macrodon (2), Lima (3), Pseudoplacunop- 
sis, Placunopsis uralica, Pecten:(3), Aviculopecten (2), Psewdomonotis 
kolwe, P. gigantea. Ammonites: Agathiceras uralicum, Pronorites 
uralensis, P. postcarbonarius, P. prepermicus, Medlicottia artiensis, Gas- 
trioceras josse, G, suessit. Nautilids; Coelonautilus sargaensis. Trilo- 
bites: Griffithides gruenewaldti, G. roemeri. 

Beede and Kniker (1924) go into a long analysis of the brachiopod 
and pelecypod assemblages of the Schwagerina zone and conclude cor- 
rectly that this horizon must be added to the Permian. Tschernyschew 
was led astray by holding that the brachiopod evolution of this zone was 
atavistic and not progressive, but if he had taken the latter and correct 
view he would have seen that the fauna of the Schwagerina zone is also 
of Permian time, since it is in the Schwagerina zone that the Lower 
Permian faunal expression begins to be strong, and this is true not only 
for the brachiopods, but for the bivalves and ammonites as well. They 
say (1924, page 68) : 


“Tschernyschew positively places the brachiopod and pelecypod fauna of the 
Schwagerina zone biologically far in advance of the Pennsylvanian fauna be- 
low it; but, paradoxically, refers them to the same stage as the underlying 
fauna. . . . The close faunal relationship of the Schwagerina zone and the 
Artinsk, and the broken faunal relation of the former with the underlying 
Cora and Omphalotrochus beds, leaves but one logical conclusion—that the 
Schwagerina beds and the Artinsk both belong to the same system, the 
Permian.” 


Upper Carboniferous, or Uralian stage.—It is divided into three zones, 
as follows : 

Productus cora zone (C2), light gray, oolitic, and greenish gray 
glauconitic limestone about 230 feet thick in Timan and 325 feet thick 
inthe Urals. Brachiopods also dominate here. Large Fusulina verneuili 
solida, F. tschernyschewi, F. prisca. Corals rare, but common below and 
above. Archimedes rare. Dielasma (4), Spiriferella sarane, 8. expansa, 
Spirifer cameratus, 8S. condor, S. supramosquensis, 8. fasciger, S. marcout 
(goes no higher), Aulacothyris uralica, Camarophoria (4), Rhynchopora 
nikitini, R. variabilis, Derbya regularis, Meekella (5), Chonetes granu- 
liferus, C. flemingi, C. variolatus, Aulosteges dalhousi, Marginifera (5), 
Productus uralicus, P. multistriatus and 20 other species, Aviculopecten 
toulat, A. elegantulus, A. ufensis, A. subclathratus, Entolium aviculatum, 
Chenocardia uralica, Lima duplicostata, L. retifera, Placunopsis ufensis, 
P. carbonaria, Griffithides scitulus. The peculiar shark Helicoprion also 
occurs here. 
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Omphalotrochus whitneyi zone (Cb), 40 feet thick, of light gray, 
thin-bedded limestone filled with corals; most abundant are Caninia 
lonsdalei, Petalazis portlocki, P. timanicus. Nikitin has called this zone 
the Gschel stage, and others refer to it as the Spirifer supramosquensis 
zone. It is in this zone that the Permian heralders appear. 

Spirifer marcoui zone (Cie) , 190 feet thick, limestone; also here 
Productus inflatus, P. gruenewaldti, Camarophoria sella. 

There may be a break in the stratigraphic sequence here. 

U pper Carboniferous, or Moscovian stage.—Vicinity of Moscow. Char- 
acterized by Fusulina cylindrica. 

1, 2. Greenish limestones about 3 feet thick. 

3. Yellow dolomitic limestones about 10 feet thick. Abound in fish 
teeth and plates of Cladodus, Dactylodus, Deltodus, Ostinaspis, Peeci- 
lodus, Polyrhizodus, Psephodus, Psammodus, Solenodus. Of brachiopods, 
Productus semireticulatus. 

4, Grayish compact limestones about 6 feet thick. 

5. White, chalky, soft, flaggy limestones about 10 feet thick, with a 
normal marine fauna; has many of the fishes found in 3, and Cymatodus, 
Helodus, Orodus, Petalodus, Tomodes, Nautilus mosquensis, Euomphalus 
pentangulatus, E. marginatus, Macrocheitlus ampullaceus, Allorisma 
regulare, Conocardium uralicum, Aviculopecten exoticus, A. sclerotis, 
Enteletes lamarcki, Schizophoria resupinata, Productus semireticulatus, 
P. longispinus, P. corrugatus, P. scabriculus, P. pustulosus, P. costatus, 
Meekella eximia, Spirifer mosquensis, S. strangwaysi, 8. fasciger, Semi- 
nula subtilita, S. ambigua, Reticularia lineata, Dielasma gillingensis, 
Rhynchonella pleurodon, Fusulinella bocki, F. spheroidea, Fusulina cylin- 
drica, and F. gracilis. 

In the shale bands, the crinoids Cromyocrinus, Hydriocrinus, Phialo- 
crinus, Poteriocrinus, Stemmatocrinus ; also, Archeocidaris rossica, Lepi- 
desthes, Calliastes. Of corals, Bothrophyllum conicum, Petalazis, 
Chetetes radians ; also, Fusulina cylindrica. 

6. Fusulina limestones about 3 feet thick. Some of the fishes and most 
of the brachiopods found above occur here, and Nautilus (6), Fusulina 
cylindrwa, Bradyina, Endothyra, Fusulinella, Cribrostomum, Tetrataris. 

7. Yellowish white, hard, compact limestones about 6 feet thick. 

8. Dirty white limestones. 

Middle Carboniferous stage (C?),—Gray and sandy limestones. Most 
of the fossils like those above, but curiously the Russians group it with 
the Lower Carboniferous. Allorisma regulare, Rhynchonella pleurodon, 
Seminula ambigua, S. subtilita, Schizophoria resupinata, Productus 
longispinus, P. corrugatus, P. pustulosus, Fusulina verneuili, Fusulinella 
spherotdea. 
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Probably a decided break here. 

Lower Carboniferous stage-——Characterized by Productus striatus, P. 
giganteus, Chonetes papillionaceus, Spirifer fischeri, S. rotundatus, 
Phillipsia globiceps, Lithostrotion, etcetera. 


CARBONIFEROUS OF THE DON VALLEY 


General statement.—We will now take up the paralic Carboniferous of 
the valley of the Don, which is to the northeast of the Aral and Black 
seas, because this series connects the marine sequence of the Urals with 
the coal basins of Germany and their well-known Carboniferous floras. 
In the Don Valley the Upper Carboniferous alone has a thickness of 
between 17,870 and 23,700 feet; the Lower Carboniferous is 4,225 feet 
thick. It is a series of shales, sandstones, and limestones with valuable 
coal beds. The sequence is as follows: 

Upper Carboniferous, or Uralian stage (C;).—From 8,120 to 10,400 
feet thick; stage (C3) , with coals. Introduces Permian species; has 
Schwagerina princeps, Fusulina longissima, F. alpina rossica, F. simplex, 
F. obsoleta, Spirifer mosquensis var.; also, has the typical Ottweiler 
flora. 

Stage 7, without coals. No S. mosquensis. 

Stage Cj, with coals. S. mosquensis and a regulation Upper Car- 
boniferous fauna along with a mixed flora of Ottweiler and Saarbriicken 
species. 

Upper Carboniferous, or Moscovian series (C,).—From 9,750 to 
13,000 feet thick. A series of shales, sandstones, and limestones with 
valuable coals. : 

The flora in the lower half has many Waldenburg species, with a few 
Saarbriicken ones. Higher, the plants are mostly Saarbriicken-like, with 
some Ottweiler forms. 

Stage C? has S. mosquensis and introduces the Moscovian fauna. 

Said to be no break here? 

Lower Carboniferous series.—About 4,225 feet thick. 


Part IIT. PERMIAN oF GERMANY 


(See Correlation Tables, pages 808, 814) 
SYNOPSIS OF HISTORICAL GEOLOGY 
Kayser’s (1923) well-known textbook states that in Europe Carbonif- 
erous time 


“was one of marked crustal deformation, which brought about far-reaching 
changes in the relations of land and seas. In central and western Europe 
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this orogeny began shortly after the close of the Lower Carboniferous or 
Culm time [Sudetian of Stille], and with variable strength was continued 
from time to time throughout the Upper Carboniferous [Asturian of Stille] 
into the [Middle] Permian [Saalian of Stille]. In the heart of the continent 
there then arose majestic fold mountains known as the Paleozoic Alps, whose 
last remains are the numerous fold-rumps of present Germany, France, and 
central England. The southwestern branch of this system of mountains, ex. 
tending from Ireland, Wales, and southern England southeast across Brittany 
to the medial plateau of France, Suess has named the Armorican Mountains, 
while the eastern branch, which begins in southern France, strikes north- 
east across the Vosges, the Black and Thuringian forests, the Harz and Fich- 
telgebirge to Bohemia and the Sudetes, he named the Variscian Alps. The 
folding of the Urals also began in the Upper Carboniferous and attained its 
maximum of movement in the Permian. [All of these movements are parts 
of the Hercynides.] 

“Along with these foldings came intrusions of enormous igneous masses and 
chiefly of granites, porphyries, and porphyrites. The granites of the Harz, the 
Thiiringerwald, the Erzgebirge of Saxony, the Vosges, and Silesia are of 
Upper Carboniferous age. Similarly, Carboniferous granites are prominent 
in Brittany, Cornwall, Scotland, and southern Norway” (volume 1, page 265). 


It was the rising of these mountains that completely altered the pre- 
Upper Carboniferous geography and brought about the several coal basins, 
with their enormous thicknesses of deposits ranging from 10,000 to 
30,000 feet. Such very thick masses of deposits mean not only very 
high mountains, but rapid erosion as well, leading to the conclusion that 
some of the mountains may have been snow-capped. In fact, con- 
glomerates with striated boulders have been described in the Ruhr coal 
basin beneath formations with Permian plants and above a smoothed 
and striated pavement of Carboniferous rocks (Schaffer). 

The earliest discovery in Europe of Permian glacial evidence was, as 
we have seen, that by Ramsay in 1855 in Shropshire. The locality was 
visited by Coleman, who says (1926, page 94): 

“It seems most natural to explain the Permian breccias of. the Clent Hills 
us formed by local glaciers.” 


They are kame deposits, but the stones “are slickensided and not 
glacially striated.” 

Jukes-Browne, however, says: * 

“They are subaerial torrential deposits formed more or less of talus and 
scree-debris, swept down in times of flood.” 

P. F. Kendall * places these breccias in the Middle Permian and says 
that Ramsay’s view of their being of glacial origin “is no longer enter- 





' Building of the British Isles, 1911, p. 201. 
®*The British Isles, in Handbuch d. regionalen Geologie, pt. 20, 1917, p. 190. 
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tained by local workers.” It is, however, interesting to note that the 
age of these breccias is about correct for Permian alpine glacial evidence. 

Into the small, loading, intermontane basins of western Europe out- 
side of Russia the sea had limited entrance and in places none at all. 
These marine waters in western Europe came chiefly from the southwest 
and in Russia from the southeast (= Tethys), spreading in late Car- 
boniferous and through most of Permian time far north and into the 
Arctic Ocean. The Upper Permian, or Zechstein, sea, with Arctic con- 
nections, spread west through northern Europe to Scotland, but to the 
north of the Paleozoic Alps of Europe. It is, then, in the Uralian 
region that the normal marine faunas are to be found, and in splendid 
development, while to the west occur the more or less paralic seas. Ac- 
cordingly, it is in Europe that the land floras and faunas are fully tied 
into the marine faunal developments; and, since this life is well de- 
scribed from stage to stage, Europe has long been the type area into 
which the Carboniferous-Permian of other regions is correlated. The 
floras and faunas are so varied that they can not be recited here, but a 
general summary can be had in the textbooks, of which Kayser’s “For- 
mationskunde,” 1923, is the best. 

A more detailed environmental picture of Europe may be taken from 
Case (1926). The-rising of the Variscian Alps divided Europe into 
two main areas, and the one north of these mountains was devoid of 
marine waters until the Upper Permian, when the Uralian Zechstein 
sea spread west to Scotland. To the south of the Variscian Alps and 
between the Armorican Mountains the waters of Tethys entered many 
times, and it is here that we have the very thick and local accumula- 
tions in the various coal basins (Saar, Saal, middle Germany, etcetera), 
which continued, in France and Bohemia, to make coal even into Permian 
time. 

Accordingly, we see why the Upper Carboniferous (Ottweiler) flora 
goes with gradual change into that of the Lower Permian (Rotliegende). 
For a long time the floras are dominated by Pecopteris, Neuropteris, and 
Sphenophyllum, but gradually the other members of the older floras 
vanish and their places are taken by Callipteris, Walchia, Subsigillaria, 
Baiera, etcetera. Kayser says that on the whole one can regard the 
Rotliegende as the time when the Carboniferous flora dies out. 

During Rotliegende time the German intermontane basins, according 
to Case (1926, pages 50-52), 

“were gradually filled with debris . . . until the deposits overflowed their 


original boundaries, uniting the isolated basins and even covering the de- 
graded highlands between. . . . Accompanying these physiographic 
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changes was the continuous increase in aridity which culminated in the desert 
conditions of Upper Permian and Triassic time. [These basins started with 
Carboniferous land floras and faunas that were very much alike in western | 
Europe and North America, and that finally became relict assemblages into 
which here and there wandered from the adjacent highlands more advanced 
Permian life.] The elevated ranges of the Hercynian chain determined the 
directions of migration and permitted wide dispersa! in those directions. The 
pelycosaurs and cotylosaurs were able to follow the borders of the uplands 
at least, and the amphibians crept from pool to pool in the same direction, 
The Protorosauria apparently belonged in a different habitat and had a dif- 
ferent geographical range; they never penetrated into the true intermontane 
basins and never crossed to the American continent.” 

The Permian of Germany has been exploited for copper for several 
hundreds of years, and this, curiously, in a thin layer of slate about 2 
feet thick. Below is the Rotliegende and above the Zechstein, a two- 
fold development that gave rise to the term Dyas. 

The Rotliegende, according to Kayser (1923), is composed of sand- 
stones and conglomerates that are of continental origin, and because of 
its variegated colors, in which red is dominant, along with its wind- 
faceted pebbles, it is held to represent the deposits of an arid climate. 
Of fossils it has a small land flora and a very meager land fauna of 
fishes, amphibia, crustacea, insects, and bivalves. The flora of the Rot- 
liegende connects directly with those of the Upper Carboniferous, but 
Gothan (1924) sees in these plants no evidence that the climate was 
even semiarid. 

The Rotliegende series has an average thickness of 1,600 feet, and in 
the main occurs in downfaulted areas between Permian highlands made 
during late Carboniferous time. Formerly it was divided into three 
parts, but now into two. The lower Rotliegende embraces the former 
lower and middle members, because the older Kusel (attains locally to 
over 3,200 feet) has a flora that is closely related to the younger Lebach 
one. Furthermore, when the plants are absent, the two former divi- 
sions can not be distinguished as such. The upper Rotliegende has the 
main mass of eruptives and conglomerates resulting from them. 

The Ottweiler flora of the Upper Carboniferous continues in part into 
the lower Rotliegende. Such are Pecopteris arborescens, P. unita, 
Sphenophyllum oblongifolium, Sigillaria brardi, etcetera. Permian 
forms are, however, also present in Callipteris conferta, Walchia pint- 
formis, and W. filiciformis; Lepidodendron and Bothrodendron are gone. 

At the base of the Zechstein in the Kupferschichten occur the conifers 
Ullmannia and Voltzia and more rarely Baiera digitata (gingko) ; also, 
the ferns Callipteris, Teniopteris, and Sphenopteris. On the whole, the 
Zechstein flora has a Mesozoic aspect and it begins the “Mesophyticum.” 
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The Zechstein earthy limestones and dolomites are of an inclosed sea, 
open only by way of the northern Urals into the Arctic Ocean, and the 
fauna of about 200 species, but with great individual abundance, is 
monotonously everywhere the same, consisting almost wholly of brachio- 
pods, bivalves, and bryozoans. Finally, this sea became one of the great- 
est of salt- and gypsum-makers. 

As a rule, the Zechstein is considerably thinner than the Rotliegende 
and often begins with a conglomerate (about 6 feet), followed by the 
copper-bearing slates (2 feet) and then the Zechsteinkalk (16-32 feet). 
The middle division has the older gypsum or anhydrites and salts, fol- 
lowed above by the main mass of dolomites. The upper Zechstein clays 
have the younger gypsum and anhydrites and the main mass of salts 
with interbedded dolomites; in the southern Harz and about Mansfeld 
the upper Zechstein is locally very thick, up to 2,900 feet, of which 
nearly all is salt or anhydrite. 

The Zechstein sea was not the area in which the normal Permian 
faunas developed, but had in the main a peculiar assemblage of long- 
enduring hold-over forms. 


Part IV. PERMIAN OF THE UNITED STATES 
PERMIAN OF WEST TEXAS 
(See Correlation Tables, pages 815, 819) 


General discussion.—There is no longer sequence of Permian strata 
anywhere in the world than that of the Marathon area of western Texas, 
and the lower half of it especially is marked by an abundance of fossils. 
It was first made known by J. A. Udden in 1917. Here there is an 
average of about 6,000 feet of strata, the larger part of which are 
dolomites and limestones. On the basis of the ammonites in these 
formations, Bése (1917) referred the entire sequence to the Permo- 
Carboniferous, which now means to the Lower Permian. The three 
highest formations are almost wholly of dolomites and have but very 
few fossils and no ammonites at all; and, as the next lower formation, 
the Word, is correlated by Bése with the Kungur of the Urals, which 
is at the top of the Lower Permian, it follows that these higher, nearly 
unfossiliferous formations (upper Word to Vidrio) must on general 
grounds be referred to the Upper Permian. This conclusion escaped 
Bése and every other American stratigrapher since, and it came to the 
writer only while preparing the present work. In Russia the true 
Permian of Murchison has long been regarded as constituting the Upper 
Permian, and it begins with the Kazan group and closes with the lower 
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part of the Tatarian, both of which are now correlated by all with the 
Upper Permian, or Zechstein, of Germany. There are, other facts that 
strengthen this conclusion, namely (1) the great thickness of the West 
Texas Permian; (2) the decidedly different fauna of the Capitan lime 
stone to the west of the Marathon area, which correlates with the Upper 
Permian ; and, finally, (3) the tremendous amount of gypsum and salt 
in the upper formations of Texas and New Mexico, conditions dupli- 
cated in Germany during Upper Permian, or Zechstein, time. 

Permian of the Marathon Area—General statement.—For some years 
the writer has been studying the Permian of the Glass Mountains, and 
in 1927 published a paper giving his views, of which the following is a 
stratigraphic and faunal synopsis. A still later and more detailed paper 
is by P. B. and R. E. King, 1928. 

Long sequence of Lower and Upper Cretacéous marine strata. 
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Figure 5.—Diagram showing latcral Interfingering of Facies in Upper Permian of 
Glass Mountains, West Texas 


Also two later formational overlaps. After P. King. 


Land and erosion during Jurassic and Triassic times, with one or 
more times of epeirogenic movements. 

Uppermost Permian (?), or Bissett. Limestone conglomerate, up to 
500 feet thick, lying unconformably on the Permian; age unknown. Re- 
ferred by King with some doubt to the Permian. 

Break and angular unconformity indicating some diastrophism. 

Upper Permian.—Tessey (1,000 feet), Gilliam (400-1,000 feet), and 
Vidrio (1,000 feet) formations, of massive dolomites above and below, 
with thin-bedded limestones (Gilliam) between: To the west they thin 
away rapidly. Due to dolomitization, there are almost no recognizable 
fossils other than large Fusulina elongata. The lower 100 feet of the 
Vidrio has Meekella, Productus guadalupensis, Aulosteges, Strophalosia 
hystricula, Pugnax swalloviana, Hustedia meekana, etcetera. 

Lower Permian, or Word formation.—Zone of Waagenoceras, 500- 

1,500 feet thick. About half is limestone or dolomite, rest shale and 
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sandstone. Near the top occur large Fusulina elongata, Pugnaz elegans, 
Enteletes dumblei, Meekella attenuata, Productus occidentalis, Richt- 
hofenia permiana, Lyttonia américana, etcetera. 

About 500 feet above the base of the Word are found the ammonites 
Adrianites marathonensis, Agathiceras girtyi, Gastrioceras roadense, 
Medlicottia burckhardti, Paraceltites multicostatus, Stacheoceras bow- 
mani, S. gilliamense, and Waagenoceras dieneri. Other fossils at this 
horizon are Fusulina elongata, Productus popei, Aulosteges americanus, 
Richthofenia permiana, Lyttonia americana, Dielasma spatulatum, D. ? 
scutulatum, etcetera. 

Bose says (1917) that the ammonites of the Word are intimately re- 
lated to those of the Fusulina limestone of Sicily. “The occurrence of 
Waagenoceras at both localities is of the greatest importance” for zonal 
correlations. Accordingly, the top of the Word formation is at or very 
near the close of the Lower Permian of Russia. All higher formations in 
the Marathon area must therefore be of Upper Permian time. 

Lower Permian, or Leonard formation.—Zone of Perrinites vidriensis, 
about 2,000 feet thick, mainly limestones and dolomites with shales, sand- 
stones, and oolites. In the upper Leonard occur Productus west ‘(very 
common), P. occidentalis, P. guadalupensis, Richthofenia permiana, 
Squamularia guadalupensts, etcetera. 

About 760-860 feet above the base, Perrinttes vidriensis is very common, 
rarely Medlicottia whitneyi, Adrianites, Richthofenia permiana, etcetera. 

About 500 feet above the base, Enteletes angulatus (?), Meekella mul- 
tilirata, Productus in 6 small species, Aulosteges guadalupensis, Richt- 
hofenia permiana, Spirifer mexicanus, Notothyris schucherti, Omphalo- 
trochus, Medlicottia whitneyi, etcetera. 

The Leonard ammonites, according to Bése, are less closely related to 
those of Sicily than are those of the Word. The Leonard formation rep- 
resents “perhaps a zone between the cephalopod-bearing sandstones of the 
Artinsk” of Russia and Sicily, with closer relations to the latter. 

Lower Permian, or Hess formation.—Zone of Perrinites compressus, 
about 2,000 feet thick but thins out to the west. Mainly limestones, 
dolomites, and oolites with interbedded shales and sandstones, and in 
places a basal conglomerate 10 to 40 feet thick. Has numerous Fusulina. 
In the upper part Schwagerina uddeni ?, Enteletes dumblei, Productus 
ivesi (first appearance), Camarophoria venusta, Squamularia subquad- 
rata, Hustedia meekana, Omphalotrochus (3 inches in diameter), Per- 
rinites compressus, etcetera. 


Break in record. Erosion interval. 
LIII—Butu. Geo. Soc. AM., Vou. 39, 1927 
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Basal Permian, or Wolfcamp formation.—Zone of Uddenites, 475. 
600 feet thick. Mainly shales with some beds of limestone and ¢gp. 
glomerate, but to the west largely conglomerate (up to 400 feet). About 
385 feet beneath the top occur Fusulina, Schwagerina, Trachypom, 
Lophophyllum, Lindstroemia permiana, Goniocladia americana, Pry. 
ductus guadalupensis, P. punctatus, Enteletes dumblet, E. n. sp., Tegul- 
ifera, Pugnax swalloviana, Spirifer cameratus, Composita subtilita, 
Squamularia subquadrata, Hustedia meekana, Omphalotrochus, Aniso- 
pyge ? antiqua, etcetera. F 

In a shale zone 80 feet thick and 17 feet above the base of the forma- 
tion occur small species of ammonites: Agathiceras frechi, Daraelites 
texanus, Gastrioceras modestum, G. subcavum, Marathonites perrin- 
smithi, M. sulcatus, M. vidriensis, Paralegoceras incertum, Schistoceras 
diversecostatum, *S. fultonense, *S. hildrethi, *S. hyatti, Uddenites 
schucherti, Shumardites uddeni, Vidrioceras irregulare, Prothalassoceras 
keytei, Parapronorites boesei. Those marked with a * occur also in the 
Pennsylvanian. 

Smith says (1929): 

“There seems to be little doubt that the . . . zone of Uddenites is the 
equivalent of the Neva limestone, which paleobotanists and vertebrate pale- 
ontologists agree in setting as the lower limit of the Permian of Kansas .. , 


The fauna is clearly transitional from the Uralian stage of development to 
that of the Artinsk.” 


The associated fossils are Fusulina, Trachypora, Meekella, Chonetes 
verneuilianus, Productus inflatus coloradoensis, P. cora, Pustula nebras- 
censis, Marginifera splendens, Spirifer cameratus, S. teranus, Husted 
mormoni, Pharkidonotus percarinatus, Worthenia tabulata, etcetera. 

According .to Bése, the ammonites of the Wolfcamp are archaic in de- 
velopment and hence only distantly related to those of the Artinsk of 
Russia (only two direct comparisons can be made), while more decided 
relations are shown with the Graham member of the lower Cisco forma- 
tion of Texas (two certain and two possible comparisons). Daraelites, 
Uddenites, Parapronorites, and Prothalassoceras are, however, clearly 
Permo-Carboniferous genera. The Wolfcamp ammonites make a unique 
assemblage and are of “the oldest Permo-Carboniferous so far known, 
but younger than the highest Carboniferous. . . . Our fauna belongs 
to the Artinsk, but is older than the cephalopod-bearing sandstones of 
this stage” (1917, page 37). These views are confirmed by the later 
studies of Smith (1929). 

Angular unconformity. Making of Caballos Mountains in later Penn- 
sylvanian time. 
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Gaptank formation—The fossils of the highest Gaptank are either 
those of the Graham formation, the lowest one of the Cisco group, or 
those of the Canyon beneath, from which it follows that the greater 
part of the Cisco was either never deposited in the Marathon area (the 
most likely condition), or, if laid down, subsequently eroded away. The 
younger Wolfcamp formation is accordingly of earliest Permian time. 

Permian of the Guadalupe Mountains (see Correlation Table, figure 
6).—This thick series of strata and the included fauna are fully de- 
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Ficure 6.—Correlation Table of Permian Formations in Texas, Oklahoma, and Kansas 
From Schuchert, 1927 


scribed by Girty (1908) in his classic, “The Guadalupian Fauna.” It 
takes its name from Guadalupe Point, in extreme western Texas. It is 
composed of the Capitan limestone above and the Delaware Mountain 
formation below. The former is a massive, usually white reef limestone 
with some red and yellow zones, the whole having a thickness of about 
1,800 feet ; the top is eroded. 

The Delaware Mountain formation is about 2,300 feet thick. At the 
top is a local “Dark limestone” from 50 to 100 feet thick; beneath is 
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the main mass, chiefly of sandstones with sore shales and light-colored 
limestones that southward pass into gray limestones, and the basal local 
zone is of thin-bedded black limestones at least 200 feet thick. As the 
faunas are distinct, each zone is maintained by Girty. In 1908 he re 
ferred the Capitan and Delaware Mountain provisionally to the Lower 
Permian. 

Disconformably beneath all of the above is the Hueconian series, with 
a thickness of over 5,000 feet, of which more than 2,000 feet are lime- 
stones. About 4,000 feet of the upper part of the Hueconian is Permian 
in age and appears to correlate with the Hess and Wolfcamp forma- 
tions of the Marathon area. The lower 1,000 feet of the Hueconian are 
of Pennsylvanian age. Near the top of the Hueconian occur Seminula 
mexicana, Omphalotrochus obtusispira, etcetera, and near the base 
Triticites, Productus cora, Spirifer rockymontanus, etcetera. 

The Guadalupian fauna as described by Girty has about 325 species, 
which comprise, of sponges, 24; bryozoans, 44; brachiopods, 128; bi- 
valves, 45; gastropods, 42; cephalopods, 9, and trilobites, 2. 

‘The Capitan has 126 species, and of these 31 come from below. Some 
of the longest ranging forms are Fusulina elongata, Cladopora ? tubw 
lata, Fistulipora grandis guadalupensis, Lyttonia americana, Chonetes 
subliratus, Richthofenia permiana, Martinia rhomboidalis, Squamularia 
guadalupensis, Hustedia papillata, Parallelodon politus, Camptonectes ? 
papillatus, Pernipecten ? obliquus, Antsopyge perannulata. 

At the very top of the Capitan occur Fusulina elongata, Guadalupia 
cylindrica, Cystothalamia nodulifera, Amblysiphonella guadalupensis, 
Fenestella capitanensis, Composita emarginata, Notothyris sehucherti 
ovata, Heterelasma shumardianum, Pteria guadalupensis, Patella ca- 
pitanensis. 

At about the middle of the Capitan occurs the main or “typical” 
Capitan fauna of 103 species. Sponges (13): Virgula, Pseudovirgula, 
Guadalupia (5), Steinmannia americana, Lindstroemia permiana. Corals 
(2). Bryozoa (7): Acanthocladia guadalupensis, Goniocladia amer- 
cana. Brachiopoda (54): Streptorhynchus (1), Orthotetes (4), 0. 
guadalupensis, Geyerella americana, Chonetes (1), Productus (6), P. 
waagenianus, P. occidentalis, P. latidorsatus, P. pinniformis, Aulosteges 
medlicottianus americanus, Spirifer mexicanus, Martinia (2), Squamw 
laria (3), Spiriferina (6), S. billingsi, Composita emarginata, Husted 
meekana, Pugnax (4), Rhynchonella (2), Camarophoria venusta, Die- 
lasma (4), Dielasmina guadalupensis, Notothyris schucherti, Heterelasma 
(2), Lyttonia guadalupensis. Bivalves (18): Pteria guadalupensis 
Myalina (1), Camptonectes ? (3), Aviculopecten (3), Pernipecten, 
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Plagiostoma, Limatulina, Myoconcha. Gastropods (7). Foordoceras 
shumardianum. 

In the basal Capitan limestone occur at least 29 species, and of these 
21 recur above. The characterizing forms are Cladopora spinulata, 
Domopora ocellata, Chonetes subliratus, Strophalosia cornelliana. 

From the “Dark limestone” at the top of the Delaware Mountain for- 
mation was obtained a fauna of about 74 species; of these 31 go up into 
the Capitan and 8 come from lower zones. Some of the more char- 
acteristic forms are Cladopora spinulata, more cup corals than in the 
Capitan, Domopora (4), Chonetes permianus, Productus (8), P. popei, 
P. indentatus, P. limbatus, Aulosteges guadalupensis, Spirifer mezi- 
canus, Spiriferina lara, Hustedia papillata, Pugnax bisulcata, P. bi- 
dentata, P. pinguis, Aviculopecten guadalupensis, Euomphalus sulcifer. 

About 700 feet above the base of the Delaware occurs a fauna of 58 
species. Of these 8 go into the higher Dark limestone and 12 recur in 
the Capitan. Some of the restricted forms are Productus (9), P. 
teranus, P. walcottianus, P. guadalupensis, P. meekanus, P. signatus, 
Parallelodon multistriatus, Myalina, Pteria richardsoni, Aviculopecten 
delawarensis, Myoconcha delawarensis, Astartella nasuta, Pleurophorus 
delawarensis, Pleurotomaria (7), Bucanopsis, Warthia americana, Pseu- 
domelania, Bulimorpha delawarensis, Gastrioceras ? serratum, G. sp. 
(close to a form in the Word of the Glass Mountains), Paraceltites 
elegans (a closely related form also occurs in the Word). 

From the basal black limestone of the Delaware Mountain have come 
37 species, and of these 9 occur higher. Some of the species are: 
Meekella attenuata, M. multilirata, Richthofenia permiana, Aulosteges, 
Pugnax (3), Foordoceras shumardianum precursor, Peritrochia erebus, 
Agathiceras teranum (seems to be closely related to A. girtyt of the 
Word), Paraceltites elegans (also related to Word forms). 

A study of Girty’s “Guadalupian Fauna” (1908) shows that there is 
yet very little in common with the known Permian of the Glass Moun- 
tains and almost no faunal connections at all in the Capitan. It is 
only in the Delaware Mountain formation that some relationships are 
seen, and of these the most reliable are the ammonites. There are, how- 
ever, no specific identities, and Bése’s ammonite studies of 1917 show 
that the Delaware Mountain forms have their only connections with those 
of the Word formation. It therefore appears fairly safe to say that all 
of the Capitan, with its peculiar fauna, is clearly younger than the 
Word, and on stratigraphic position appears to correlate with the Tessey- 
Gilliam-Vidrio dolomites at the top of the Glass Mountains sequence. 
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PERMIAN OF NORTH-CENTRAL TEXAS AND OKLAHOMA 
(See Correlation Table, page 815) 


_ Diagnostic fossils of marine invertebrates and of land plants and ver. 
tebrates have been found at many places, and these, along with the wide 
occurrence of the Blaine gypsum and its Mangum dolomite with am. 
monites, and the fact that the San Angelo conglomerate has been traced 
into the Duncan and Harper sandstone, make it possible to correlate, 
at least in a broad way, the paralic Red Beds series with the normal 
marine sequence of the Glass Mountains of western Texas. 

The youngest Permian is the Double Mountain series, about 2,000 feet 
thick (in northwest Texas up to 4,000 feet), consisting of paralic sand- 
stones, sandy shales, limestone-dolomites, red and bluish clays, and thick 
beds of gypsum and rock-salt. Curiously, however, there are no ver- 
tebrates known in this series. 

In the middle part of the Double Mountain series (in Mangum dolo- 
mite of the upper Blaine at Salt Croton Creek, in Kent County, Texas) 
occurs Perrinites hilli, an ammonite that is very closely related to P. 
vidriensis of the Leonard formation of the Glass Mountains. This 
fossil correlates its strata with the Leonard and seemingly with the upper 
Leonard. 

The plants found at the base of the Double Mountain (San Angelo) 
are of the Gigantopteris flora and of Lower Permian time. 

In the highest Permian of Oklahoma (Quartermaster, 2 of list below), 
at 15 miles southwest of Shamrock, and again in older beds (Whitehorse, 
1) at Whitehorse Spring, 18 miles west of Alva (apparently in both 
cases in channel sandstones), Beede (1907) described the following Lower 
Permian fauna: Dielasma schucherti, 1-2; Edmondia rotunda, 1-2; E. 
cumminsi, 2; Conocardium oklahomaense, 1; Cyrtodontarca ? gouldi, 
1-2; C. ? multidentata, 1-2; C. ? parallelidentata, 1-2; Myalina sp., 1; 
Schizodus ovatus ?, 1-2; S. ? oklahomensis, 1; Aviculopecten okla- 
homensis, 1-2; A. vanvleeti, 1-2; Allorisma ? albequum, 1-2; Pleuro- 
phorus albequus, 1-2; Pleurotomaria capertoni, 1-2; P. agnostica, 1; 
Worthenopsis ? depressa, 1; Trepospira haworthi, 1-2; Murchisonia col- 
lingsworthensis, 2; M. gouldi, 1-2; Loxonema permianum, 2; Orthonema 
dozierense, 2; O. ? texanum, 1-2; Bulimorpha ? alvaensis, 1; Capulus 
haworthii, 2; C. ? sellardsi, 1; Strophostylus permianus, 1-2; Naticella 
transversa, 2. 

Beneath the Double Mountain is the Clear Fork series, about 1,000 feet 
thick, made up of paralic red and blue clays, sandy shales, limestone- 
dolomites, sandstones, gypsum, and clay-ball conglomerates. The plants 
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are also of the Gigantopteris flora, clearly indicative of Lower Permian 
time (D. White, 1926). 

Near the middle of the Choza division of the uppermost Clear Fork 
of Runnels County occur ammonites that Bose correlates with the lower 
Leonard. 

Vertebrates occur throughout the Clear Fork of Texas, and here, ac- 
cording to Beede and Kniker (1924), are known 17 genera and 26 
species of amphibians and 27 (41) of reptiles. Case (1915) reports the 
amphibians Diplocaulus (4), Partorys, Anisodexis, Acheloma (2), 
Trimerorhachis (3), Zatrachys, Tersomius, Dissorhophus, Alegeino- 
saurus, Cacops, Aspidosaurus (2), Broiliellus (2), Trematops, Gymnar- 
thrus, Cardiocephalus. Reptilia: Diadectes (2), Bolbodon, Diadectoides, 
Bathyglyptus, Isodectes, Captorhinus (4), Labidosaurus (2), Seymouria, 
Conodectes, Helodectes, Archeria, Pantylus (2), Varanosaurus, Varanops, 
Poecilospondylus, Dimetrodon (4), Areoscelis, Edaphosaurus (3), Casea, 
Trichasaurus, Gontocephalus. 

The oldest Permian is the paralic Wichita-Albany series, about which 
Plummer and Moore say (19211922, page 191): 

“There is such a striking difference between the massive, white, escarp- 
ment-making limestones and marls of the Permian in the vicinity of Albany 
and the typical red beds facies of the strata in the Wichita district that there 
has been a tendency among geologists to refer to the division as the Albany- 
Wichita group and to speak of the marine limestone facies of the Brazos 
Valley as ‘Albany Beds’ and the red strata of the Red River as ‘Wichita Red 
Beds.’ The ‘Albany’ strata average over 700 feet in thickness. The lowest 
beds have at least 40 species of invertebrates, most of which are unfortunately 
decidedly like those of the Pennsylvanian and so do not help much in strati- 
graphic correlation.” 


Of plants from the lower Wichita near Fulda, Texas, David White ° 
has identified Pecopteris (6), Odontopteris neuropteroides, Gigantop- 
teris americana (the genus is closely related to Callipteris and both are 
cycadofilices), Ta@niopteris multinervis, T. abnormis, Annularia spicata, 
A. ? maxima, Sphenophyllum obovatum, Sigillariostrobus hastatus, 
Poacordaites, Walchia piniformis, Gomphostrobus bifidus, Araucarites, 
etcetera. This flora is “clearly of Lower Permian age.” 

In Oklahoma, near Perry, Lower Permian plants occur in the equiv- 
alent of the Winfield of Kansas (a member of the Chase) and in the 
younger Enid near Eddy, as follows: Pecopteris geinitzi, Callipteris, 
Gigantopteris americana, Odontopteris, Teniopteris multinervis, T. 
abnormis, Sphenophyllum obovatum, Walchia, Araucarites, etcetera. 





* Proc. U. S. Nat. Mus., vol. 41, 1912, pp. 493-516. 
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At Military Crossing, on the Big Wichita, in the upper Wichita (in 
the middle Choza formation, or from 400 to 600 feet above the base of 
the Wichita series), occur the ammonites Medlicottia copet, Paralegoceras 
baylorense, Stacheoceras walcotti, and Perrinites cumminsi. Bése 
(1917) says that these fossils correlate the strata of this place possibly 
with the lower Leonard, but to the writer this time assignment appears 
to be too high. The associated fossils are Temnochilus winslowi, 
Tainoceras occidentale, Endolobus, Strophostylus remex, Bellerophon 
crassus, Patellostium montfortianum, Sedgwickia topekaensis, Pleuro- 
phorus, Myalina permiana, M. aviculoidea, M. perattenuata, Pteria longa, 
Aviculopecten occidentalis, etcetera. 

Near San Angelo, Texas, occurs Medlicottia copei ?, which appears 
to indicate Clear Fork time. At the very top of the Albany (= Wichita) 
is found Stenopoceras dumblei, which also occurs in the Fort Riley lime- 
stone of Kansas. On the Colorado River, in the Wichita series, is found 
Omphalotrochus. 

Vertebrates occur throughout the Wichita of Texas-Oklahoma, Beede 
and Kniker (1924) reporting 11 genera and 15 species of amphibians and 
23 (15) of reptiles. Case (1915) lists here the following (* = also 
in Clear Fork formation): Amphibia: Diplocaulus, *Eryops megace- 
phalus, *E. latus, Trimerorhachis (2), Zatrachys, Lysorophus, Cricotus 
(2), Metamosaurus. Reptilia: Diadectes (5), *D. phaseolinus, Bolo- 
saurus, Ophideirus, Patriotichus, Ectocynodon, Poliosaurus, Theropleura 
(2), *Clepsydrops natalis, * Dimetrodon incisivus, *D. dollovianus, D. (4), 
Mycterosaurus, Glaucosaurus, *Edaphosaurus (3). This list shows that 
9 species certainly, and possibly 19, are common to the Wichita and 
Clear Fork. 

As everyone knows, the Permian is the first period with a varied 
abundance of reptiles, but how striking this development is when com- 
pared with the Pennsylvanian is not generally realized. Beede and 
Kniker (1924) have brought together the figures for all of the United 
States, which are as follows: 

Amphibia in Pennsylvanian, 47 genera, with 86 species. 

Amphibia in Permian, 28 genera, with 41 species. 

Reptilia in Permian, 50 genera, with 76 species. 

Reptilia in Pennsylvanian, 7 genera, with 7 species. 

Case says (1926, pages 204, 197-198) : 

“The environment of life, the fauna and flora, of Carboniferous time was 
relatively very homogeneous over the whole world. From that condition 


there were differentiated three zoogeographic regions, North America, Europe, 
and South Africa. . . . The tetrapod fauna of the three regions contained 
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many relict elements from the well established [Upper] Carboniferous fauna, 
put the peculiar environmental factors of each region induced (or permitted) 
the development of a distinct fauna-in each region. . 

“The evidence . . . of the distribution of the flora, of the fresh-water 
fish fauna, and of the tetrapod fauna shows that there was a land connec- 
tion between North America and Europe in early Permian time, if not through 
all Permian. That the migration route [for the tetrapods] was not an easy 
one is indicated by the relatively small numbers of the American forms which 
found their way into Europe. [This was also the view of Williston in 
1909.] The European flora readily found its way to North America, a fact 
which renders the nature of the barrier to the movement of tetrapod life very 
difficult to understand.” 


Case (1915, page 121) holds with Williston that the Permian thero- 
crotaphic reptiles of North America and Africa arose in a common 
Upper Carboniferous ancestral stock, and that each area developed in- 
dependent phyla during the Permian. In North America the Pelyco- 
sauria specialization was “upon a reptilian theme, and leading to extinc- 
tion or higher reptiles,” while the South African Therapsida show “an 
advancing theme, and leading to extinction or to Mammalia.” This 
means that there was not the least intermigration in Permian time be- 
tween these two continents. Between North America and Europe inter- 
migration was at best always difficult, since only the Pelycosauria and 
possibly the Cotylosauria of Upper Carboniferous time are common to 
Bohemia and the United States (page 155). 

The inland sea of Lower Permian time (Wichita and Clear Fork 
epochs) covered Texas and Oklahoma, but in both States it was de- 
positing red beds and salts over a wide and emerging flat land. The 
Blaine gypsum, from 100 to 600 feet thick, “is exposed on the surface 
from southwest Kansas, across western Oklahoma, and as far south as 
the Colorado River in Texas—a distance of 600 miles.” The table salt 
deposits are of different ages; that of southern Kansas and northern 
Oklahoma 
“is believed to be of Wellington age; the salt series encountered by the drill 
in the Amarillo oil field of the Panhandle of Texas is of Garber-Duncan- 
Chickasha age, lying just below the Blaine, while the salt of the southern 
high plains is considered to be of post-Blaine age.” (Gould and Willis, 1927, 
pages 435, 436.) 


The climate was normally semiarid and the land was repeatedly and 
variably transgressed by the sea, causing the eastern streams to build out 
their floodplains variously and so increase or decrease the floral areas 
and those of the land animals as well. They also brought from the 
higher lands dead animals and spread them over the river deltas. 
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“Upon this flat, largely around the pools and streams, lived the wonderfully 
complex amphibian and reptilian life. The [fresh] waters swarmed -with 
fish and amphibians, and were constantly invaded by predaceous reptiles in 
search of food’ (Case, 1915, page 147). 


PERMIAN OF KANSAS 
(See Correlation Table on page 815) 


The Texas-Oklahoma-Kansas sea of Permian time was limited in the 
west by the Ancestral Rocky Mountains uplift of Lee, and to the south- 
east it lapped on Llanoris, while the Arbuckles and the Wichita uplift, 
during Pennsylvanian time, were islands in this sea. It was from these 
lands, and especially from the rivers of the eastern United States, that 
the sediments came, of which so large a part is now in the red beds of 
these States. 

The first to discover the Permian of eastern Kansas were Swallow 
and Hawn (1858), although for a long time their conclusions were not 
accepted and all was embraced in the Upper Carboniferous. Their 
Permian section has a thickness of 820 feet; each stratigraphic zone is 
numbered, from 26 at the top to 70 at the bottom. The whole of this 
section is now included under the series term Big Blue. From these 
beds they listed and described 70 species, some of which were identified 
with Upper Permian forms of Europe, and accordingly most of these 
determinations have not stood the test of time. As Doctor C. O. Dunbar 
is familiar with this section, the writer asked him to correlate these 
numbers into the accepted Kansas section, this because the beds from 
33 down constitute the type section for the term Permo-Carboniferous 
of Meek and Hayden (1859, page 35). The latter say: 

“From near the top of the Lower Permian .. . down even lower than 
the horizon, where they [Swallow and Hawn] draw the line between the 
Coal Measures and the Lower Permian, should be regarded as intermediate 
in age, and as filling the hiatus between the Permian and the upper Coal 
Measures of the Old World, while we think only the Upper Permian of their 


section really represents the Permian rocks, as developed on the other side 
of the Atlantic. This intermediate series might be very appropriately termed 


the Permo-Carboniferous group, to indicate its relations both to the Permian 


and Carboniferous rocks.” 


If the new name is not wanted, they would then unite the “Lower 
Permian” with the Pennsylvanian, “since Carboniferous types greatly 
predominated in its fauna.” Beds 26 to 31, with a thickness of 263 
feet, are called by Swallow and Hawn Upper Permian and are now 
referred to the lower Wellington; the rest of the section they called 
“Lower Permian.” Bed 33 = Luta limestone; bed 34 = Winfield 
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limestone ; beds 35 and 36 = Doyle shale; bed 37 = Fort Riley lime- 
stone ; bed 39 == Florence limestone ; bed 41 — Wreford limestone; bed 
59 == Cottonwood limestone ; beds 66-68 = Neva limestone; beds 69-70, 
12 feet thick, are now excluded from the Permian and referred to the 
Wabaunsee of the Pennsylvanian. 

The older Permian of Kansas is known as the Big Blue series and 
has an average thickness of about 1,100 feet. It is a series of alterna- 
tions of shales and thinner zones of limestone, with gypsum and rock- 
salt to the west. It is usually divided into the following formations: 
at the top, Wellington, 500 feet; Marion, 150 feet; Chase, 230-270 
feet (the members from above down are Winfield limestone, Doyle shale, 
Fort Riley limestone, Florence flint with Schwagerina sp., Matfield shale, 
Wreford limestone), and Council Grove, 200 feet (members are Neosho, 
Florena shale, Cottonwood limestone, Eskridge shale, Neva limestone 
with Schwagerina kansasensis, S. uddeni, and Fusulina longissimoidea). 
As there appears to be no break in deposition with the Pennsylvanian 
beneath, the boundary with the Permian is an arbitrary one. The 
United States Geological Survey and the Kansas Geological Survey begin 
the Permian with the Cottonwood limestone, while other geologists have 
drawn the line beneath either the (1) Eskridge shale, 30-40 feet; (2) 
Neva limestone, 10 feet; or (3) Elmdale formation, 130 feet (regarded 
by the writer as the top of the Pennsylvanian). White (1926) and 
Beede make the Neva limestone the base of the Permian, and it will 
be so taken in this paper. White says that the Neva has a plant asso- 
ciation embracing typical forms that can hardly be older than the Per- 
mian, as generally recognized in western Europe. Beede adds that it 
has a Schwagerina fauna of Permian aspect. Even the older Elmdale, 
which is regarded by White as the top of the Pennsylvanian, has a very 
late Odontopterid association. The Wreford at the base of the Chase 
formation also has a small flora that is mainly “characteristic of the 
Permian” (White, 1912). On the other hand, in the upper Welling- 
ton there remain bet few Pennsylvanian species in a flora 
“of Callipteris, Teniopteris, and representatives of Ulmannia, Voltzia, and 
Araucarites. Preeminent in this interesting plant association is Sellards’ 
Glenopteris, a genus suggestive of Daneopteris in the Gangamopteris (older 
Gondwana) flora, and of the Mesozoic Cycadopteris and Lomatopteris” 
(White, 1926, page 1058). 


The plants show “a climate more arid in general than that of the 
earlier series.” 

From this we conclude that the older Permian floras (Dunkard, Wre- 
ford, Wellington, Winfield, Enid, Chase, and Sumner series and Wichita) 
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are all older in time than the Glossopteris or Gangamopteris flora of the 
southern hemisphere, and that they correlate with the older Rotliegende 
of Germany. White says :'° 


“As the stages are now generally characterized paleobotanically in western 
Europe, the presence of representatives of the genus Callipteris, the simple- 
fronded Teniopteris, Callipteridium of the types gigas or regina, and the 
genus Walchia, in a flora largely composed of types common also to the Coal 
Measures, is regarded as sufficient evidence of Rothliegende age, although 
Callipteris conferta and rare examples of Walchia may occur in the preceding 
stage.” 

“The distribution of the floral elements indicates that the western Euro- 
pean or cosmopolitan elements of the flora migrated between North America 
and Europe, presumably by the same general northeastern route as that fol- 
lowed by their Pennsylvanian predecessors, while the distinctly Chinese types 
must have come to Texas and Oklahoma by the north Pacific (Alaskan) 
route, by which the related Uralian forms may also have migrated. Since 
the land migration of the Chinese types could hardly have been accomplished 
without the aid of essential continuity of environmental conditions, and since 
it is probable that the Gigantopteris elements lived under climatic conditions 
mainly similar in both Texas and China, the conclusion appears justified 
that the climatic province under which they thrived in Asia extended to 
western North America and that it included the region of north Pacifie migra- 
tion. The mingling of western European species with Gigantopteris in the 
southwestern ‘Red Beds’ is construed to indicate that this region was prob- 
ably on the eastern border of the Gigantopteris province’ (White, 1912, 
pages 513-514). 


More than 4,000 specimens of Lower Permian insects have been col- 
lected near Elmo, Kansas, first by E. H. Sellards and later by C. 0. 
Dunbar, in a very thin limestone in the Wellington shale. This lime- 
stone is about 900 feet above the top of the Pennsylvanian. Closely as- 
sociated also occurs a flora of 33 species determined by Sellards in 1909. 
Just below the insects is an old swamp soil with tree stumps of Cordaites 
still in the place of their growth, and at the base of this bed occur bones 
of the reptile Hdaphosaurus. With the land insects are also found the 
marine Eurypterus sellardsi, Paleolimulus avitus, and Myalina meeki. 
Thick beds of gypsum and salt occur in the Wellington. 

From the rock environment of. these insects, the very large size of 
some of them, and the associated flora, Dunbar concludes regarding the 
climate as follows (1924, page 208) : 

“The immediate home of the insects was a swampy, forested lowland 

a humid spot in a regional environment of more or less pronounced 
and long-continued aridity, for the preceding strata of the entire province 
are marked by extensive saline deposits. . . . The cold climate of the 


DPD, White: Bull. Geol. Soc. America, vol. 14, 1903, p. 541. 
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later part of the Lower Permian had not yet affected the region of Kansas, 
where decidedly warm temperatures still prevailed.” 


When the insects are all studied, there will be about 100 kinds, and 
among them are some Pennsylvanian types, but on the whole the evolu- 
tion indicates distinctly early Permian time. Tillyard says :™* 


“This fauna is the most important and best preserved of all known [fossil] 
insect faunas, many of the specimens showing the color-pattern and minutest 
hairs on veins and membrane of the wings. From its study we learn how 
the insects reacted to the change of climate between the Upper Carboniferous 
and Lower Permian. The advent of hot, arid conditions, with formation 
of salt lake areas, sounded the death knell of the age of giant insects, the 
only ones remaining in the Lower Permian being a few Protodonata and 
Protorthoptera and a single wonderfully preserved species of the old order 
Paleodictyoptera, Dunbaria fasciipennis.” 

“The dominant type of insect was an aquatic type ancestral to the Perlaria 


or stone-flies of the present day. . . . Mayflies were also very abun- 
dant. . . . Two genera of true dragon-flies are preserved. . . . True 
scorpion-flies were abundant. . . . The absence of any true lacewings, 


raphidians and sialoids is most remarkable. 

“The fossil evidence is now fairly strong that there were three distinct 
groups of holometabolous insects which evolved a pupal stage independently 
of one another early in the Permian period. . . . The only possible ex- 
planation of this appears to have been the marked change of climate which 
ushered in the Lower Permian. We must conceive that the pupal stage was 
a response to a new environment, the larva going undergrour \ and shorten- 
ing the later nymphal instars into a single more complex change or 
metamorphosis.” 


According to Dunbar (1924, page 188), the Fort Riley limestone near 
the center of the Chase formation 


“bears a*cephalopod fauna, from which Hyatt identified a highly specialized 
and distinctive nautiloid, Stenopoceras dumbli. The same species he also 
found in Texas, where it is confined to a limited zone at the top of the 
Wichita (Albany). Confirming this correlation, the writer recently collected 
from the Fort Riley limestone in Nebraska a suite of specimens of the large 
and unusual Myalina copei, described by Whitfield from a locality near Fort 
Griffin, Texas . . . well up in the horizon of the Wichita. . . . These 
two very striking species . . . give some assurance of the equivalence of 
these beds. This conclusion is greatly strengthened by the fact that Beede 
has traced the Wreford limestone [at the base of the Chase] laterally into 
the McCann sandstone of Oklahoma, which Williston states yields ‘typical 
Texas Permian vertebrates.’” [Schwagerina also occurs in the lower part of 
the Big Blue.] 


The oldest formations of the Permian, the Council Grove and Chase 
stages, “are lithologically much like the underlying Pennsylvanian 





1 Nature, June 12, 1926, p. 829. 
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strata, including bluish gray shale with interbedded limestone and chert.” 
The fossils are normal marine. The first evidence of aridity occurs just 
above the Cottonwood limestone, as is seen in the presence of gypsum 
beds. In the younger Marion stage limestones are scarce and at several 
horizons red beds appear; “fossils are confined entirely to the limestone 
members,” and the faunas are “practically made up of pelecypods and 
gastropods, in many places of minute or dwarfed species” (page 192), 

The youngest Permian of Kansas, known as the Cimarron series, is 
made up of shales and sandstones with thin dolomites and large amounts 
of gypsum. It is divided, beginning at the top, into Greer, 25-40 feet; 
Woodward, 200-250 feet; Cave Creek, 70 feet; and Enid, 650 feet (see 
table on page 815). 


PENNSYLVANIAN OF NORTH-CENTRAL TEXAS 
(See Correlation Table, page 832) 


The following account is taken from Plummer and Moore (1921 = 
1922): 

In north-central Texas the Pennsylvanian is divided into the follow- 
ing groups: Cisco (above), Canyon, and Strawn, which form a con- 
tinuous series of deposits. Then there is a decided break with some 
folding, beneath which erosion plane is the Bend group. These four 
groups are known to have 356 species, of which 75 are restricted to the 
Bend. Accordingly, about 280 kinds are known in the higher or regula- 
tion Pennsylvanian. Of the entire list, only 23 pass into the Albany- 
Wichita of the Permian, but it is well known that in the whole of this 
basin many more forms of the Pennsylvanian lived on into Permian 
time. 

In regard to the boundary between the Pennsylvanian and Permian, 
these authors say (1921, page 188) : 

“The position at which the line at the top of the Pennsylvanian should be 
drawn in the Texas area is very similar to the problem in the Kansas section 
[as explained in a previous section of this essay]. There was evidently no 
marked change in either area at the conclusion of Pennsylvanian time and 
the only indication of the Permian appears to be in the transition of the 
invertebrate faunas.” 


Permian ammonites begin to appear at about 110 feet above the 
base of the Wichita as drawn by Plummer and Moore. We must 
add here that the paralic Pennsylvanian has many local breaks in 
the sedimentation, which are common in connection with the swamp 
coal deposits and less so in connection with the sandstones. These 
breaks have, therefore, little value in determining which of those in 





=, 


i> nee Oe 








PERMIAN OF THE UNITED STATES 831 


the later Pennsylvanian shall be the one to separate it from the Permian, 
the selection being so far largely a personal equation. Much better 
dependence is had on the heralding species of Permian type. 

Cisco group, 790-1,025 feet thick. A highly varied paralic series of 
sandy shales and carbonaceous shales, interspersed with thin muddy 
limestones and a few coal beds. It is divided into six formations, as 
listed in the table, page 832. The highest formation passes seem- 
ingly without break into the Wichita of the Permian. In the two upper- 
most formations the fossils are few and not as yet well collected. The 
Pueblo has a known fauna of 50 species that is of the regulation Penn- 
sylvanian kind, but no ammonites are present after Graham time. The 
Harpersville has about 75 species and its plants correlate this forma- 
tion probably with the Monongahela (D. White) near the top of the 
Pennsylvanian of the Appalachian geosyncline. All of the Cisco is cor- 
related by Plummer and Moore “with the divisions of the Kansas sec- 
tion, Lansing to Wabaunsee, inclusive” (page 210). 

It is in the basal Graham formation that the fossils are most com- 
mon, and here they are very well preserved. In the topmost beds occur 
about 125 species, which are a slightly modified and somewhat younger 
assemblage than those of the Wewoka of Oklahoma. The most signifi- 
cant fossils in correlation are the many cephalopods: Coloceras liratum, 
Metacoceras cornutum, M. perelegans, M. sculptile, Tainoceras occi- 
dentale, Cyrtoceras peculiare, Gonioloboceras goniolobum, G. welleri, 
Pronorites, Glyphioceras (2), Gastrioceras listeri, G. angulatum, G. 
globulosum, G. subcavum and 4 other unnamed species, Schistoceras 
hyattt, S. hildrethit, Dimorphoceras texanum, Shumardites simondsi, 
Agathiceras ciscoense, Stacheoceras ganti. All of these ammonites are 
clearly older than those of the Permian and none are closely related to 
those at the base of the Permian in the Wolfcamp formation of western 
Texas. 

Canyon group, 380-565 feet thick. Calcareous shales with lentils of 
limestone and conglomerate, and at least four thick (10-100 feet), per- 
sistent limestone zones and some sandstones. 

In the Graford member is a fauna of over 110 species, the regulation 
Pennsylvanian one. Of cephalopods, Gonioloboceras welleri, Pronorites 
n. sp. Gastrioceras hyattanum, Metacoceras cornutum carinatum. 

Strawn group, 1,200-3,800 feet thick, thickens east toward Llanoris. 
Shales and massive coarse sandstones, conglomerates with some thin 
limestones and a few thin coals. In the higher beds occurs an assem- 
blage of at least 75 species, a number of which suggest the Wewoka of 
Oklahoma. The cephalopods are Gonioloboceras welleri, Metacoceras 
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perelegans, Dimorphoceras texanum, Popanoceras parkeri. The plants, 
according to David White (1912), are of upper Pottsville kinds. 

Break in deposition and some mountain-making. 

Bend group, 400-1,000 feet thick, divided into Smithwick shale and 
Marble Falls limestone. 


CARBONIFEROUS GLACIAL EVIDENCE IN NORTH AMERICA 


Coleman's conclusions.—Coleman concludes (1925, page 199): 


“It is evident that the whole world must have been chilled [in Permian 
times], not excepting Europe and America, and we should expect to find at 
least some evidence of glacier work in these continents also, though they 
seem to have escaped intense glaciation.” 


In his “Ice Ages” of 1926, we see that Coleman is favorably inclined 
to the actual presence of tillites and kames in many places in the north- 
ern hemisphere, but until each occurrence is demonstrated it is not ad- 
visable to regard every thick and terrestrial conglomerate formation as 
being of probable glacial origin. The presence of tillites means either 
very high mountains or a great lowering of the snowline, and both of 
these physical conditions react decidedly on the organic world, for which 
there is no evidence either in the Pennsylvanian or Permian of North 
America. 

Glacial evidence of Upper .Carboniferous and Permian ages has been 
reported in various places in North America, and something in regard to 
most of these occurrences will be presented in the following pages. 

Squantum tillite of Massachusetts —The New England States in late 
Devonian time were in the throes of decided mountain-making, along 
with intrusions of granite. It was not until Upper Cretaceous time 
that the sea again invaded the area, and then it overlapped only along the 
present seaboard region. By middle Coal Measures times wide inter- 
montane river valleys had been developed, and of these the Narragansett 
and Worcester troughs were the most prominent. To the east and south- 
east there then stood a high mountain range, the roots of which are 
now drowned in the Atlantic. It was mainly from these highlands that 
the materials of the later Pennsylvanian and Permian of the Nar 
ragansett formations came, depressing, or at least filling the valley on 
the average 7,000 feet, with local maxima up to 12,000 feet. All of the 
deposits are of river origin, with here and there a local coal-making 
marsh. In the mountains erosion and frost were very active and at 
times the streams were torrential, bringing much conglomerate. Finally, 
in early Permian time, the mountains were reelevated and had alpine 
glaciers flowing to the west or southwest and spreading the Dighton- 








CORRELATION TABLE OF PENNSYLVANIAN FORMATIONS 


In Part after Plummer and Moore, 1921 

















Texas 


Oklahoma 


Kansas 


Missouri 





Upper 
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| Cisco, 800-1,600 feet 


Putnam, 125-515 feet 
Moran, 150-200 feet 


Pueblo, 150-175 feet 
Harpersville, 200-275 feet 
Thrifty, 120-200 feet 


Graham, 60-600 feet 


Vanoss formation, 250-650 feet 
Ada formation, 100 feet 
Vamoosa formation, 250 feet 


Belle City limestone, 30 feet 
Francis formation, 500 feet 


(Neva begins Permian) 
Wabaunsee, 500 feet 


Shawnee, 375-500 feet 


Douglas, 350-550 feet 
Lansing, 50-150 feet 


Kansas City, 200-300 feet 


Missouri, 1,500 feet 


Wabaunsee, 450 feet 


Shawnee, 375-500 feet 


Douglas, 350-550 feet 
Lansing, 140 feet 
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Purgatoire water-worn conglomerates and in the Boston basin the Rox- 
bury conglomerate with its Squantum tillite. “There is no evidence 
that the ice-sheets ever reached the plain in the Narragansett Basin” 
during Coal Measures time, but “it is entirely possible that the Newport 
beds [Purgatoire of probable early Permian time] were deposited in 
front of an advancing glacier which later covered the region” (Perkins, 
1920, page 74). 

A careful study of the literature on the Carboniferous of Rhode Island 
and Massachusetts, along with some field observations, has convinced the 
writer that the high mountains to the east of the basin of deposition 
were again rising not at the close of the Pennsylvanian, but during much 
of early Permian time. The Coal Measures flora and the insects, on a 
broader view, everywhere indicate warm climates, and the same holds 
true for the formations of earliest Permian time, though here it was 
less warm, and in the highlands of Pennsylvanian time in New Eng- 
land there probably were cold winters and alpine glaciers. All students 
of these eastern areas admit that there was mountain-making going on 
“after the end of the Carboniferous period” (Shaler, 1900). This in- 
creased elevation brought on more and more of alpine glaciers, and they 
gave rise to the materials for the Dighton-Purgatoire-Roxbury conglom- 
erates, all of which appear to be of early Permian age. The writer 
would also include in the Permian the whole of the Roxbury, with its 
Squantum tillite, and of course the younger Cambridge slates. The rea- 
sons for this reference will appear later on. 

Woodworth tells us (1912, page 462) : 

“The Roxbury, Dighton, and other conglomerates of the Carbonic system in 
Massachusetts and Rhode Island, for which Professor Shaler postulated a 
glacial origin, appear to be torrential fan deposits laid down in a valley or 
valleys of aggradation at the side of a now eroded mountain mass. It may 
well be admitted that local valley glaciers were best calculated to produce 
the erosion of so much coarse granitic and quartzitic material, the rolled 
state of boulders and pebbles being due to the action of glacio-natant streams. 

[The Squantum conglomerate, however,] “has all the mass characters of 
tillite. . . . This presumable tillite bed is possibly of Permian age, but 
its association with the underlying conglomerates and similar thick water- 
worn conglomerates of known Carboniferous (Alleghany) age in the Nar- 
Tagansett area points to the correctness of Shaler’s theory of the glacial 
origin of the conglomerate as a whole.” 


In reality it was Sayles who demonstrated these conglomerates to be 
tillites. As Coleman says (1926, pages 179-180) : 
“Probably no other set of ancient deposits has been worked over so thor- 


oughly as those of Squantum. . . . The glacial nature is convincingly 
Proved. The tillite is distributed over an area of about 100 square miles.” 
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To understand the age of the Squantum tillite of the Boston basin bet- 
ter, we must first study the Pennsylvanian series of the Narragansett 
basin of Rhode Island. All is more or less folded and metamorphosed, 
The sequence as given by Woodworth (1899) is, from younger to older 
strata, as follows: 

Dighton pellmell fluviatile conglomerates, including Purgatoire cop- 
glomerate, 1,000-1,500 feet thick (blocks up to 6 feet across). Top much 
eroded. These conglomerates are mainly of quartzites and granites, but 
there are also lenses of sandstones, shales, and black coaly shales, espe- 
cially near the base of the formation. No fossils other than wood, 
Whether the Dighton passes unbroken into the lower beds or is broken 
from them is not established. In any event, there is no known marked 
unconformity, and the Dighton-Purgatoire conglomerates are as much 
folded as are the older formations. Nevertheless, the writer expects 
here a long break (disconformity) in deposition. On the other hand, 
Woodworth sees no reason why these conglomerates may not be as 
young as Permian time, and the writer refers them to the Middle Per- 
mian, as discussed below. 

Rhode Island Coal Measures, 10,000 feet thick. Sandstones, shales, 
conglomerates, and coal beds. Lesquereux determined an Odontop- 
teris flora of 26 species, which he correlated with the upper part of the 
Coal Measures of Pennsylvania. These plants David White (in a letter 
to the writer of May 21, 1928) regards as of “probably Monongahelan 
age = Upper Stephanian.” Scudder determined 12 species of insects, 
of which 9 are cockroaches. Nearly all of these fossils are from the 
Ten-mile River beds; a few are from the Seekonk beds; they recur about 
2,000 feet above the base and none occur higher than the same depth 
beneath the top of this series. From this evidence it appears that the 
greater part of the Rhode Island series is of Upper Pennsylvanian time, 
with the highest beds probably of late Monongahelan age; in any event, 
all are of upper Stephanian time. Accordingly, there is not enough 
Pennsylvanian time left actually to include the Dighton and Roxbury 
conglomerates in this period. However, the great masses of very coarse 
conglomerate that follow without transition beds on the Rhode Island 
Coal Measures indicate decided mountain-making and a change of climate 
from a mild one to one with alpine glaciers. Such a striking change 
could not have taken place in a short geologic time, and hence it appears 
best to refer the Dighton-Purgatoire and all of the Roxbury series to 
the Permian, but to what part of the Permian can not as yet be proved. 
On the basis of the tillites and a world-wide glacial climate, however, 
the age should be Middle Permian. 
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Wamsutta slates, sandstones, and conglomerates, 1,000 feet thick. 
Have reworked volcanic material and effusives, an abundance of Cala- 
mites casts, and rare Cordaites. 

Pond conglomerate and arkose, 100 feet thick. - No fossils. 

Marked unconformity. Below, Cambrian and pre-Cambrian. 

In the Boston basin occurs the Roxbury series, which has as yet yielded 
no determinable fossils. Emerson (1917) correlated it with the Nar- 
ragansett series, but of course there is no fossil evidence or overlap to 
prove this. The sequence is as follows: 

Cambridge slate, 3,500 feet thick, ? lacustrine and decidedly local. 

Roxbury conglomerate, divided into three members. Above, (1) 
Squantum tillite, 50-600 feet thick. ? Unconformity. (2) Dorchester 
red and purple slate, 100-600 feet thick, perhaps 1,000 feet. (3) Brook- 
line conglomerate, 500-2,000 feet thick. Members 2 and 3 are inter- 
bedded with flows of the Mattapan volcanic complex. This volcanic ac- 
tivity began before Brookline time and appears to have ceased before 
Squantum time, since no flows are present here. 

That the Squantum is an unmistakable tillite in three zones has been 
abundantly demonstrated by two zones of varve slates. Striated pebbles 
and boulders occur rarely and some blocks of granite have been seen 
from 4 to 6 feet across and one of melaphyre is over 20 feet long. Mans- 
field had concluded from the nature of the Roxbury, even before striated 
stones were found, that the conglomerate had been made in a climate 
that was cool and from alpine glaciers to the southeast. 

Conglomerates of New Glasgow, Nova Scotia.—W. A. Bell (1926) 
has recently studied the whole Carboniferous of the Pictou-New Glasgow 
area and says that the terrestrial deposits having the New Glasgow con- 
glomerates are of late Westphalian age. They vary in thickness from 
300 to 2,000 feet, are current- and cross-bedded, and of the nature of 
alluvial fans with the boulders up to 2 feet across. These Upper Car- 
boniferous deposits are best explained, according to Bell (page 143c), 
as made 
“by a conjunction of river waters, alluvial wash from ancient mountains, and 
floodplain lakes, in progressively down-sinking intermontane basins. The most 
persistent climatic conditions were probably those of semiaridity and asso- 
ciated heavy seasonal concentration of rainfall, with periodical stages, more 
humid and equable. . . . Despite the presence of heavy boulder conglom- 


erates, none of these suggests glacial formation but rather local fanglom- 
erates,” 


For a week the writer had the guidance of Bell in the field and saw 
much of these New Glasgow conglomerates; but, with Dawson’s and 
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Coleman’s conclusions of their glacial origin in mind, we neverthelegs 
failed to find striated stones or other glacial evidence. Bell is correct 
in calling them fanglomerates made in a seasonally arid region. 

Bell also shows that this area was elevated and folded several times 
during the Upper Carboniferous, and if Coleman had seen this paper 
he probably would not have been perplexed ashe was in thinking that 
the area at the time had no high mountains, and that therefore thege 
deposits could not be “torrential deposits on a large scale,” but rather 
“due to the combined work of ice and water.” He says (1926, page 
178): “The whole effect of this great mass of coarse, partially assorted 
material suggests glacial outwash and morainic conditions,” but Bell 
and Schuchert continue to see in them characteristic fanglomerates. 

Conglomerates of the Arbuckle Mountains, Oklahoma—In 1921 
Weidman announced the discovery of glacial evidence in the Arbuckle 
Mountains, and in 1923 he published his observations at length. His 
conclusions are that these mountains were ice-capped more than once 
during the Upper Carboniferous and early Permian, and that glaciers 
then flowed down their flanks to sealevel. 

In 1924 C. O. Dunbar criticized these conclusions of Weidman, his 
most telling objection being that the latter took no account of the over- 
whelming biologic data indicating that during Pennsylvanian time the 
world, and the Arbuckle area locally as well, had a warm and moist 
climate. This climatic condition is also discussed by the present writer 
in Part I of this paper. However, Weidman was soon supported by 
Coleman (1925), who, curiously, thinks very little of this striking 
climatic evidence, which all paleontologists interpret alike. In his con- 
clusion, however, Coleman depended largely on the very faulty correla- 
tions of the Australian geologists. It was this stand of Coleman’s, 
reiterated in his book of 1926, and the fact that he was being followed 
by other British workers, all trying to show that the Permian glacia- 
tion actually took place at various times in the Pennsylvanian, that con- 
vinced the writer of the necessity of adjusting this matter; the result is 
this long essay. 

Weidman was led to his conclusion by the wide dispersal of the coarse 
“Franks conglomerate,” which Morgan (1923-1924) has since shown to 
embrace many zones of conglomerate (Franks, Seminole, Pontotoc, et- 
cetera) scattered throughout the Pennsylvanian and earliest Permian. 
The writer also studied the Seminole conglomerate at Sulphur, Okla- 
homa, and, knowing of Weidman’s view, examined the conglomerate for 
glacial evidence. He found none, concluding that the well rounded 
lenticular boulders up to 5 inches across are of river origin and reworked 
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on a marine beach. Morgan, in the mapping of the Arbuckle area, no- 
where in his report has anything to say about the conglomerates being 
of glacial origin, although he knew of Weidman’s work. 

Coleman’s rejoinder of 1925 caused Dunbar to study in the field the 
chief localities in the Arbuckle area where supposed glacial evidence had 
been reported, and his conclusions are embodied in the following notes 
given to the writer: 

“The coarse limestone conglomerates, with angular masses up to 5 feet 
across, were made by torrential streams debouching about the flanks of the 
local mountains rather than by glacial activity. This evidence against the 
glacial interpretation may be summarized as follows: (1) The conglomerates 
pear throughout unmistakable evidences of deposition by water. They show 
a distinct, though imperfect, sorting and a rough stratification. Where the 
conglomerate is coarse, there is an absence of fine matrix or anything that 
might be interpreted as rock-flour. Distinct cross-bedding can be seen in 
many places. (2) There is a general gradation from coarse to fine material 
in a direction outward from the mountains. This gradation is imperfect, 
as it must be in any coarse alluvial deposit, but it is none the less real and 
striking. (3) Where the supposed striated and polished rock floor was seen 
beneath the conglomerate, it was strongly deformed, the beds standing at 
high angles and showing slickensided surfaces. Some of these are like the 
supposed glacial polish figured by Weidman. (4) Regarding the ‘horizontal 
flutings’ which Weidman thinks were made by moving glaciers, and which 
‘entirely encircle small isolated stacks and bastions of the granite,’ such could 
not be cut by ice moving in one direction.” 


Caney “ice-borne” material of Oklahoma.—In 1910 Taff announced 
the discovery of “great numbers of boulders and other erratic fragmental 
rock debris . . . in the Caney formation of the Ouachita Moun- 
tains region in southeastern Oklahoma.” Miser (1927) says that the 
pebbles and boulders in the lower 50 to 100 feet of the Caney (= Johns 
Valley) shale are of all sizes, often in masses up to 30 feet across, and 
occasionally very large ones occur as much as 370 feet long. They are 
chiefly fossiliferous limestones and according to Ulrich (1927) range in 
age from Lower Ordovician to early Mississippian. At the top of the 
Caney is another conglomerate zone having boulders that Ulrich says 
contain fossils of earliest Pennsylvanian age. In three places boulders 
were noted having gouges, grooves, and slickensides., The, opinion is 
that these erratics were transported by moving or floating ice, either from 
the Arbuckle Mountains to the west or from Texas on the south. On the 
other hand, as these erratics are in widely overthrusted masses, it is not 
yet proved that they are actually of glacial origin. In any event, if 
glaciers existed here they must have been of local occurrence and aceord- 
ingly could have had no marked effect on the general climate of late 
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Lower and earliest Upper Carboniferous times. It should be noted, 
however, that if glacial conditions did occur here they were present near 
the close of the Lower Carboniferous. 

Woodworth studied the best occurrence of these conglomerates at 
Talihina and came to the conclusion that the markings are due 
“to internal rock movements accompanying the faulting of the beds. It ig 
thought with Mr. Taff that the distribution of the boulders, aside from the 
nature of their striated surfaces, demands transportation by ice” (1912, page 
319). 


He thinks rather of floating icebergs than of shore or pan ice formed at 
sealevel, because the latter would demand a colder general climate than 
for alpine glaciers descending into the sea and the breaking away of ice- 
bergs. Miser and Honess (1927) and Ulrich (1927) entertained similar 
views. 


Part V. Propuctus LIMESTONE OF INDIA 


(See Correlation Table, page 849) 
GENERAL DISCUSSION 


Wadia (1919, page 135) and Vredenburg (1907) point out that a 
very great crustal deformation took place in the ancient mediterranean 
Tethys “following the Middle Carboniferous.” After studying the 
faunal evidence, the writer’s conclusion is that it must have taken place 
earlier—that is, late in the Lower Carboniferous. Wadia says that the 
orogeny “profoundly altered the face of the continent,” and that almost 
everywhere in India a very marked unconformity exists at the base of 
the transgressing Permian system; in fact, the Permian overlaps all the 
older formations. 

It was this orogeny of eastern Tethys, the grandest one of Paleozoic 
time and not again equaled until the Cenozoic, together with the 
subsequent Permian submergence, that greatly altered and extended 
this mediterranéan “over the whole of northern India, Tibet, and 
China,” and thereafter for a loag time separated the southern con- 
tinent of Gondwana from Euro-Asia. An arm of this sea extended south 
into the Salt Range of northwestern India, laying down here, during the 
last half of Permian time, the Productus limestone. Another seaway, 
probably from the north, extended into the State of Rewah, in central 
India, depositing at Umaria a thin marine limestone, over which lie the 
Upper Permian terrestrial deposits of the Gondwana system. The age 
of this Umaria limestone is, however, not yet fixed, but appears to be of 
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the cold-water sea with Australian faunal affinities seen in the Dandote 
group of the Salt Range. 

It was said above that marked mountain-making took place late in 
Lower Carboniferous time. The basis for this conclusion is that there 
is no positive evidence anywhere in India of the presence of either Mid- 
dle or Upper Carboniferous faunas. In the Spiti area of the Himalayas 
the Lipak series is admitted by all to be of the older Lower Carbon- 
iferous (= lower Avonian or lower Mississippian), since it has Syringo- 
thyris cuspidata. The Lipak series goes unbroken into the Po series, 
which terminates with the Fenestella beds of 2,000 feet of shales and sand- 
stones having peculiar marine fossils hard to correlate with those of 
other areas. At first Diener (1903) was in favor of their Lower Carbon- 
iferous age, but in 1915 he says they may be either Lower or Upper 
Carboniferous. However, in these Fenestella beds occur also the very 
significant land plants Rhacopteris inequilatera (an Australian species of 
the Kuttung series), Sphenopteridium cf. furcillatum, and Sphenopteris 
ef. rigida, which led Zeiller to correlate the Indian strata provisionally 
with the Culm.’? As there is no stratigraphic break between the Lipak 
and Po series, it follows from even this meager plant evidence that the 
Po can not be younger than Visean-Culm time. This conclusion the 
associated marine evidence does not contradict. 

In Kashmir,’ as in eastern Australia, the Lower Carboniferous is 
closed by the Panjal volcanic series of agglomerates, slates, and traps. 
“These volcanoes,” Wadia says, “buried large areas of Kashmir under 
thousands of feet of lavas and tuffs.” 

In the Spiti area, resting on the volcanics, lies a conglomerate layer 
which is here the base of the Permian series and transgresses uncon- 
formably across formations of varying ages down to the Silurian. The 
Permian therefore begins in Spiti (it is the equivalent of that in the 
Salt Range) with a conglomerate, and in the Salt Range and penin- 
sular India with glaciated boulder beds. These basal Permian forma- 
tions, however, are not the oldest known ones of this system, and Noet- 
ling and Diener (1903) say that there is no clear evidence that any part 
of the ‘Lower Permian is present in India. This is also the view of 
the writer, since the ammonites of the Productus limestone are clearly 
much younger than are those of the Lower Permian (Artinsk) of Russia 
or of Texas, and those of the Sosio limestone of Sicily as well. 

The Salt Range country is now an arid one and consequently the 
geology is not obscured by vegetation. The Salt Range itself is more 
or less block-faulted, making the stratigraphic sequence difficult of in- 





"Hayden: Mem. Geol. Survey India, vol. 36, 1904, p. 47. 
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terpretation, and, besides, the lithologic facies varies from place to place; 
but the greatest difference is that the whole of the Productus limestone 
is absent in the eastern Salt Range and only the lower, or Panjabian, 
series of highly variable sandstones, shales, and glacial beds is common 
throughout these mountains. 

The following synopsis of the Permian stratigraphic and faunal ge- 
quence of the Salt Range of India is based in the main on Waagen’s 
classic monograph of the Salt Range fossils. These two quartos present 
one of the most detailed faunal studies of the Permian marine faunas, 
but the species are very finely divided and Noetling tells us that too 
much has been attempted with fragmentary and poorly preserved speci- 
mens. Then, because of the faulted nature of the Salt Range and 
Waagen’s pioneer elaboration of the fossils, which were not always col- 
lected according to zones and the zoning not always understood because 
of the faulting, the whole should be revised and adjusted to modern 
knowledge. Toward this end Noetling spent three winters in the Salt 
Range and in 1901 presented his “Beitrage zur Geologie der Salt Range,” 
in which the stratigraphic sequence is more or less adjusted. Later, 
Koken made elaborate collections of fossils under the field guidance of 
Noetling in the hope of reworking the faunas, but, due to his early 
death, he never realized the paleontologic publication. He did, how- 
ever, present faunal lists in 1907 in his “Indisches Perm und die per- 
mische Eiszeit.” All of these works the present writer has generalized in 
the following synopsis in order to get a truer picture of the Salt Range 
sequence, which figures so prominently in all of our interpretations of 
the Permian marine faunas and their intercontinental correlations. 

The Salt Range sequence of Permian strata begins with tillites and 
fluvio-glacial deposits, which finally pass upward into marine sandstones, 
the whole having a united thickness of 470 to 600 feet. It is in the 
lower part of these sandstones, just above the boulder beds (20-150 
feet thick), that 22 species of marine fossils have been found, not one 
of which otcurs above in the Productus limestone. Higher, through a 
thickness of about 150 feet, all fossils are absent, and then, in the upper 
Speckled sandstones (these with the Lavender clays are about 250 feet 
thick), there gradually begins to appear the Productus limestone fauna. 
That there is no break in sedimentation in these lower and upper sand- 
stones, or with the tillites below, is admitted by all, and yet the Aus- 
tralian fauna just above the tillites is wholly unrelated to the younger 
warm-water and far larger one of Tethys. 

The upper sandstones begin the Productus limestone series, composed 
of limestones, shales, and sandstones having a thickness of between 700 
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and 800 feet. All field workers agree that these strata clearly present 
an unbroken sequence of Permian deposits. These sediments, with their 
included faunas, are of shallow seas, of the vast Tethys mediter- 
ranean that lay to the north of peninsular India, on which the Salt 
Range sea transgressed. The glacial materials came from the south 
or the highlands of the peninsula, and over them the sea partially 
transgressed, reworking them more or less. Probably the greater part 
of the entire Salt Range Paleozoic materials were derived from the 
same source, and the shoreline was not far to the southeast of the Salt 
Range. 

In 1904 Noetling ** announced the finding in Kashmir of Gangamop- 
teris sp. and Glossopteris sp. in marine strata beneath fossils of the 
Productus limestone. At the base are tuffs, and over these come 35-40 
feet of bituminous slaty limestones abounding in the fragmented plants. 
In the higher bed occur Productus abicht, P. indicus, and Spirigera 
derbyi. This discovery proves that this Gangamopteris flora is of 
Upper Permian time, and that it may also be expected in the Salt 
Range in the sandstones above the tillites. With this information at 
hand, it is curious to see Seward (1924) saying that “the late Sir Henry 
Hayden expressed the opinion that certain Gangamopteris beds in 
Kashmir are not you..-r than Upper Carboniferous.” As previously 
stated, it should be borne in mind that no one has as yet shown the 
presence anywhere in all India of either marine or fresh-water Upper 
Carboniferous formations. 

Glossopteris and glacial evidence have also been found by Griesbach 
near Herat, in Afghanistan, and in Khorossan, Persia. These places 
are to the south and southeast of the Caspian Sea and many hundreds 
of miles to the west of the Salt Range of India. 

Let us now summarize the marine fauna of the Productus limestone 
series of the Salt Range. Waagen has described 404 forms, of which 
169 are brachiopods, 32 bryozoans, 68 bivalves, 35 gastropods, 21 
cephalopods (mostly nautilids), 8 crinids, 12 corals (6 tabulates and 6 
tetracorals), and the rest of scattering organic groups. The sequence 


' begins with a cold-water austral fauna (all cephalopods and corals are 


absent), but soon becomes the normal warm-water Permian fauna of the 
Tethyian realm. 

The Permian cold-water marine fauna of 18 species (Conularia zone) 
consists entirely of small individuals, and of these, curiously, about one- 
half also occur in southeastern Australia just above tillites. From the 
lower Eurydesma sandstones come 4 forms, all of which recur in Aus- 





4% Centralblatt f. Min., etc., pp. 129-135. 











842 c.SCHUCHERT—REVIEW OF THE LATE PALEOZOIC FORMATIONS 


tralia. Not one of these 22 species is known to pass into the younger 
Productus limestone, and when these higher marine faunas appear it is 
seen that all are of the Tethyian faunal realm originating to the north- 
west, north, and northeast. What brought about this change from 
southern migration routes to northern ones is unknown, but it can not 
be wholly due to warming waters, and it would seem that somewhere, 
either around peninsular India or northeastern Australia, land arose that 
blocked out the southern marine cold-water portal from connecting with 
the Salt Range during the remainder of Permian time. In western 
Australia, however, the Permian faunas are clearly those of India and 
Tethys. 

We will now show how intimately the whole of the Productus lime- 
stone is tied together faunally, and first by a list of 16 species that occur 
throughout the series (Waagen’s specific combinations are not altered 
in this connection): Pleurotomaria punjabica, Dielasma elongatum, 
Hemiptychina sublevis, H. sparsiplicata, H. himalayensis, Athyris 
royssit, Eumetria grandicosta, Spiriferina cristata, Spirtfer marcoui, 8. 
musakheylensis (= fasciger), Schizophoria indica, Streptorhynchus 
pelargonatus, Derbyia regularis, Productus lineatus, P. cora, Richtho- 
fenta lawrenciana. 

The following table gives the number of species in each greater divi- 
sion and the totals of those that pass from one to the other. Due to 
Noetling’s work, however, these figures of Waagen are no longer ac- 
curate, but for present purposes they do show the intimate relations of 
the Productus limestone fauna from bottom to top: 




















ts Total F Goi 
Division speuies fa ae = 

Upper Productus limestone........................ | 213 62 0 
iddle Productus limestone.....................--: 190 18 62 
Lower Productus limestone...................-.4-- 62 0 18 





About the middle of the past century brachiopods were collected in 
the Salt Range and elsewhere in India, and these were described by 
Verneuil, Davidson, and Koninck and the strata from which they came 
were erroneously correlated with the “Carboniferous limestone” of Eu- 
rope. This in modern nomenclature means Lower Carboniferous or 
Mississippian! It was not until Waagen’s results on the Sait Range 
faunas began to appear that it was seen that at the least the greater 
part of them resembled Permian species. Finally Waagen, in his “Geo- 
logical Results” (1889-1891), referred the whole of the Productus lime- 
stone and the underlying sandstones and boulder beds to the Permian. 
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The lower part of the Middle Productus limestone he correlated with 
the typical or Upper Permian, and the beds below with the Kungur 
and Artinsk of the Lower Permian; the higher part of the Middle 
Productus limestone is correlated with the Kazan of Russia, and the 
Upper Productus limestone with the Magnesian limestone of England 
and the Zechstein of Germany. In this we see that the greater and 
most fossiliferous part of the Productus limestone is regarded as Upper 
Permian, and that the Lower Productus limestone, with the Speckled 
sandstones and the tillites beneath, is correlated with the Lower Fer- 
mian. This is also the view of Noetling (1901), Diener (1903), and 
Koken (1907). They likewise hold that the whole Permian series of 
the Salt Range is of one uninterrupted and unbroken stratigraphic 
series (a very important conclusion to note) and passes without break 
even into the Triassic—a view that Waagen also maintained in his 
earlier work, but later gave up, holding that there was both a strati- 
graphic and a faunal change between Permian and Triassic. That 
there is a complete faunal break is now admitted by all, and this the 
writer believes to be conclusive evidence that a stratigraphic break exists 
also between the Productus limestone and the Ceratite beds of the 
Triassic. This matter is again discussed on a later page, under the 
heading “Lower Triassic system.” 

We must add here that Frech (1901, page 643), in his study of the 
Permian of the world, places all of the older Productus limestone of 
India, devoid of ammonites, along with the whole of the Panjabian, 
in the Lower Permian, while the younger limestones, with ammonites, 
are referred to the Unper Permian. 

That the Productus limestone is correctly placed high in the Permian 
is conclusively shown by the position of the Bellerophon limestone of 
the eastern Alps, which has long been regarded as the topmost Permian. 
Then, in addition, in the Province of Carniola, Austria, Schellwien 
found in this same limestone many brachiopods, corals, and foraminifers 
of the higher Indian fauna. Among them are Richthofenia aff. lawren- 
ciana, Productus indicus, P. abichi, Marginifera ovalis, and Lonsdaleia 
indica. In Carniola the Bellerophon limestone is separated by a thin 
dolomite from the Triassic, and it gradually goes into undoubted Werfen 
equivalents, with their well known bivalve assemblages. Diener (1897) 
concludes : 

“The Bellerophon limestone, therefore, can represent only the highest zone 


of the Permian, and for the Productus limestone the same view may also be 
affirmed.” 


Bose (1917), in his studies of the ammonites of the Lower Permian 
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of western Texas, also compares them with the ammonites of the Salt 
Range and the Himalayas, but finds nothing in common. He then 
goes on to say that Xenaspis and Xenodiscus have their nearest relations 
in the Lower Triassic—a fact that “suggests at once the conclusion that 
the strata in which they are found imbedded must belong to a higher 
division of the Permian and certainly not to the Permo-Carboniferous 
[== Lower Permian], where similar forms are entirely unknown.” 
Krafftoceras of the Himalayas and its near relative, Cyclolobus oldhami 
of the Salt Range, are likewise good indicators for Upper Permian time 
(page 44). These were also the earlier ‘views of Diener (1903), 
Finally, Bése in his correlation table has the Upper Productus lime- 
stone of the Salt Range correlated with the Upper Zechstein of Germany, 
which means uppermost Permian. The upper part of the Middle 
Productus limestone he regards as equivalent to the rest of the Zechstein 
(= Upper Permian). . 

The writer thinks it hardly necessary to discuss again the erroneous 
correlation views of Tschernyschew (1902), making the Permian-Upper 
and Middle Carboniferous of the Urals the equivalents of the Productus 
limestone of India. His correlation table, on page 728, shows that he 
regarded all of these formations of the Urals as the equivalent of those 
of India, but it is now clear that all beneath his Schwagerina zone must 
be referred to the Upper Carboniferous (= Pennsylvanian), formations 
unknown in India, and that all above this same line is of Lower and 
Upper Permian time. 


SYNOPSIS OF HISTORICAL GEOLOGY 


Lower Triassic stage—The “Ceratite beds,” beginning with lime- 
stones below, have marls in the middle and sandstones above; they are 
120-220 feet thick. The whole is correlated with the Scythian of the 
Alps. In the Salt Range and elsewhere in India the Permian is fol- 
lowed by the Otoceras beds of the Ceratite series. In these strata am- 
monites are always common and some are a foot in diameter. In the 
Salt Range there is a distinct faunal break between the highest 
Productus limestone and the following Ceratite beds, but the strati- 
graphic meaning of this is variously interpreted. Waagen (1889-1891) 
says that there is in addition a distinct stratigraphic break, but Noetling 
(1901), who has seen far more of the Salt Range, insists that there is 
no break at all, and in this Koken is agreed. In the Himalayas there 
is likewise said to be no stratigraphic break, but paleontologically there 
is nowhere a transition. Regarding this matter the writer agrees with 
Tschernyschew (1902), that “such a sharp paleontological boundary is, 
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rather, testimony for a transgressive superposition of the Triassic on 
the Paleozoic of the Salt Range.” Diener has discussed this matter 
fully, concluding :** In the eastern Alps 

“there is no unconformity between the Permian Bellerophonkalk and the 
shales of the lower Werfen (Seis) beds, but the lithological contrast between 
the two groups is rather sharply marked, considerably more so, as a rule, 
than between the Productus shales and the Otoceras stage [of India]. Never- 
theless, sections have been found where the Bellerophon limestone passes 
gradually into the overlying shales. . . . It is true that the genus Otoceras 
is known outside the Himalayas from Permian rocks only” [as at Djulfa, on 
the frontier of Persia and Russian Armenia]. “But there is not a single case 
of specific identity with Himalayan forms. The Armenian species of Oto- 
cerag are associated with a rich fauna of distinctly Paleozoic aspect.” [But 
in India this ammonite genus is associated with others, the overwhelming 
majority of which have ceratitic sutures.] “This character is not exhibited 
in any Permian cephalopod fauna.” 


Upper Permian, Chideru group.—tThis is the Chideru group of Noet- 
ling or the Upper Productus limestone of Waagen. Restricted to west- 
ern Salt Range. In the main yellowish brown shales or clays (especially 
in upper part), interbedded with thick zones of earthy limestone and 
less often with hard, yellowish brown, sandy limestone and sandstone ; 
about 300 feet thick. Waagen divided this group into an upper Chideru, 
a middle Kundghat, and a lower Jabi stage. Noetling holds that the 
so-called Cephalopod beds of Waagen can not be maintained. He calls 
the whole Upper Productus limestone the Chideru group, and then on 
paleontologic grounds divides it into the following zones: 

At the top, bed with small Foraminifera : 


Entalis herculea Euphemus indicus. An easily recognized zone. 
zone, ca. 50 feet Episageceras wynnei. 
thick. Bellerophon impressus, Koken says these zones 
are difficult to recognize 
Derbya hemispherica Cyclolobus oldhami. in the field because ot the 
a at least 180 Derbya hemispherica. rarity of ammonites. 
eet thick. 


Zone of Productus lineatus (cora) exceedingly common; ca. 75 feet 
thick. 

According to Koken, the characteristic fossils of the Chideru group 
are (*== restricted) cochliodont fishes, *Martinia indica, *Spirigerella 
grandis, Enteletes derbyi, Lyttonia nobilis, L. tenuis, Aulosteges dalhousi, 
Marginifera typica, M. ornata, Strophalosia indica, Chonetes (*9), Ger- 
villia ceratophaga, *Pseudomonotis garforthensis, P. gigantea, *P. ka- 
zanensis, *Lima footei, Pecten precor, *Pleurophorus acuteplicatus, 





“Mem, Geol. Survey India, vol. 36, pt. 3, 1912, pp. 48-51. 
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*Astarte permocarbonica, *A. ambiensis, *Gouldia primeva, *Myophoria 
subelegans, *Lucina progenetriz, *L. bombifrons, *Spheriola primeva, 
*Allorisma perelegans, *A, pleuromyoides, *Worthenia waageni, *Galerug 
dyadicus, Bellerophon (*4), Euphemus (*2), Bucania (*2), *Entalis 
herculea, Nautilus (*5), *Popanoceras priscum, Stacheoceras diblasii, 
*Cyclolobus oldhami, *Xenaspis carbonaria, *Xenodiscus plicatus, Epi- 
sageceras wynnei, Medlicottlia prima. 

The uppermost Zuphemus indicus zone, 10-15 feet thick, has chiefly 
gastropods and bivalves; of brachiopods only six species remain and of 
corals none. Not a single Productus limestone species passes into the 
Triassic. 

Upper Permian, Virgal group.—This is the Virgal group of Noetling, 
or Middle Productus limestone of Waagen. It is 200 feet thick and 
is restricted to western Salt Range. Hard, light-colored, siliceous lime- 
stones, massive in middle, thinner bedded above and below; above with 
brown and below with dark, interbedded shales. The limestones are 
often one mass of crinoidal fragments or of corals, and then make reef- 
like limestones. This group is the cliff-maker of the Salt Range. Fos- 
sils are exceedingly common, but hard to get unless silicified. 

Waagen divided this group into an upper Kalabagh stage, a middle 
Virgal stage, and a lower Katta stage. Noetling combines them all 
into the Virgal group and then divides it into three faunal zones that 
do not agree with Waagen’s stages: 

Upper zone of *Xenaspis carbonaria, ca. 20 feet thick. The fol- 
lowing fossils are taken from Koken (1907): Dielasma (*4), Dielas- 
mina (*4), Hemiptychina (*3), Notothyris (*16), Terebratuloidea 
(*3), Camarophoria (*3), Rhynchonella (*5), Uncinulus (*3),+ *Spir- 
fer wynnei, *S. oldhamianus, *Spiriferina ornata, *S. nasuta, Spir- 
gerella (*3), Enteletes (*9), Marginifera typica, *Productus gratiosus, 
*P. asperulus, *P. tumidus, *Strophalosta excavata, *S. rarispina, 
*Rhipidomella uralica, Lyttonia nobilis, L. tenuis, Oldhamina decipiens, 
*Macrodon geminum, *Pecten subgranosus, *P. morahensis, *Myophora 
cardissa, Oxytoma atavum, Pseudomonotis deplanata, *Worthenia con- 
jugens, Medlicottia prima, Lonsdaleia (common), *Amblysiphonella 
radictformis. 

Middle zone of Lyttonia nobilis, about 130 feet thick. “The most con- 
spicuous member of the entire Productus limestone formation. Corals 
often in enormous colonies” and in places making actual reefs. Ac- 
cording to Koken (1907), the chief fossils are *Camarophoria purdom, 
*Martinia gigantea, *Reticularia indica, *Enteletes pentameroides, Richt- 
hofenia lawrenciana, Lyttonia nobilis, *Productus gratiosus, *P. myfli- 
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loides, Acanthocladia anceps, Protoretepora, Hezagonella tortuosa, Syno- 
cladia virgulacea, Dybowskiella grandis, Aviculopecten morahensis, Nau- 
filus ophioneus, Cyathocrinus goliathus, *C. virgalensis, *C. indicus, 
Lonsdaleia indica, L. virgalensis, Amplerus cristatus, *Amblysiphonella 
multilamellosa. ’ 

Lower Katta zone of Fusulina kattaensis, about 50 feet thick. Has 
also *Fusulina longissima, *F. patlensis. Most common are Strepto- 
rhynchus (4) and Dielasma (4). 

Basal Upper Permian, Amb group—The Amb group of Noetling of 
the western Salt Range, essentially the Lower Productus limestone of 
Waagen. Dark shales with interbedded dark glauconitic or arenaceous 
limestones or dolomites, and sandstones with coal partings, about 200 
feet thick. Noetling says it is not older than Zechstein. The Amb 
stage is characterized below by Spirifer marcow. Koken says no 
Lyttonia, Oldhamina, Rhynchonella, or Notothyris occur here, while most 
of the Productus and gastropods are absent and all the corals, bivalves, 
and cephalopods. The chief fossils are, according to Koken (1907): 
*Dielasma itaitubense, *Spirifer alatus, *S. niger, *S. lissariensis, Athy- 
ris subexpansa, *A. semiconcava, *A. acutomarginalis, A. capillata, Der- 
bya grandis, *Meekella uralensis, *Rhipidomella pecosi, Richthofenia 
sinensis, *R. ambiensis, *Aulosteges medlicottianus, *Productus spiralis, 
Marginifera ovalis, M. excavata, M. typica, *M. transversa, *Strophalosia 
costata, S. plicosa, *S. spinosa, *S8. tenuispina, *Pleurophorus com- 
planatus. 

Middle Permian, or Panjabian series—Noetling, 1901. Unbroken 
series of cold-water deposits common to the western and eastern Salt 
Range; from 470 to 650 feet thick; passes unbroken into the higher 
Productus limestones ; divided by Noething as follows: 

Upper or Warcha group. Banded Lavender shale and Middle Speckled 
sandstone of Waagen. In the upper 100 feet appear thin beds of 
limestone or dolomite with the first scattering heralders of the Amb 
fauna ; about 250 feet thick. Sediments apparently all of marine origin. 

Middle or Dandote group. Olive sandstones interbedded with gray 
and blue shales and conglomerates, about 200-250 feet thick. Includes 
Waagen’s Lower Speckled sandstone. Best developed in eastern Salt 
Range and may be absent in western part. It may turn out, however, 
that the Lavender shales and Speckled sandstones of the Warcha group 
are equivalent to the Dandote, but at present they are regarded as dis- 
tinct. Fossils are scarce and restricted to the lower part that is transi- 
tional to the boulder beds; above is the Conularia levigata zone, with 
18 species in concretions, and below are the sandstones with the Eury- 
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desma globosum fauna of 4 species. Of fluvio-glacial and marine origin, 
Both of these faunules are “thoroughly Australian” and of cold waters, 

As the Panjabian strata pass unbroken into the Productus limestone, 
the lowest part of which Noetling correlates with the Zechstein of Ger. 
many, it follows that this series can not be anywhere near the base of 
the Permian system, and far less can it be correlated with the Upper 
Carboniferous, as one paleobotanist still does. The Panjabian appears 
to begin well up in the Permian, or, more exactly, appears to be the 
equivalent of the upper Rotliegende of Germany and the Kungur of 
Russia, all of which are here regarded as of Middle Permian time. This 
is in every way the best place in the world to tie the Permian ice-age 
into the marine sequence of this period. 

The Conularia fauna is nearly all of small species and 9 of them re 
cur in Australia. Some of the forms are Conularia levigata, C. tenui- 
striata, C. warthi, Pseudomonotis subradialis, Spirifer vespertilio, Mar- 
tiniopsis darwini, Chonetes cracowensis, Serpulites, etcetera. 

The Eurydesma fauna has F. globosum, E. ellipticum, E. cordatum, 
and Meonia gracilis, all found in the Marine series of Australia. 

Because of the great importance in correlation of these Dandote fos- 
sils, it is probably true that Waagen went too far in the determination 
of these rare and not well preserved small species; but even so, the 
relationship of the fauna to that of Australia will stand. Accordingly, 
during middle Panjabian time, the Salt Range sea had direct connec- 
tions with southeastern Australia, but this interchange soon ceased; 
through at least 100 feet of higher strata there are no fossils, and then 
the warm-water Productus fauna begins to appear. 

Lower or Talchir group. Boulder beds, 20-150 feet thick; has faceted 
and glaciated boulders in a fine clay matrix with local beds of sandstone 
and conglomerate. The boulders range up to 6 feet across and are 
mainly of Malani rhyolites of Vindhyan age, native to Rajputana, 750 
miles to the south. 

Koken says that the Boulder beds can be seen along a front of 200 
kilometers in the Salt Range. Erratics came from the far south and 
some are so large that only glaciers could have brought them. The 
Boulder beds are true morainic deposits, but here and there they ter- 
minated in the sea. In places there are striated pavements. With the 
melting of the glaciers the sea oscillated over the land, reworking the 
morainic material and laying down the Eurydesma sandstones and the 
Conularia shales. Faceted stones occur sporadically throughout the 
sandstones. The Boulder beds gradually pass into the higher sandstones, 
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CORRELATION TABLE OF NOETLING'S EMENDED PERMIAN IN SALT RANGE OF INDIA 
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and reworked finer morainic debris is found as high as the Lower 
Productus limestone. 

Great hiatus beneath the Permian, which rests unconformably on the 
Middle Cambrian. 


GONDWANA SYSTEM OF PENINSULAR INDIA 


General discussion.—The Gondwana system of tilted but unfolded 
continental and coal deposits, “in spite of some local unconformities, 
forms one vast conformable and connected sequence from the bottom 
to the top.” It is a long series of valley deposits, mainly of fluviatile 
origin, now preserved in fault troughs, and laid on an Archean foundation. 
Certainly from 9,500 to 14,500 feet, and possibly even 19,500 feet, of 
strata are of Triassic age, while from 9,200 to 9,400 are with equal cer- 
tainty of Permian time. All this, and even more, is embraced under 
the term Gondwana system, taking its name from the ancient Gond 
kingdoms of peninsular India. 

Peninsular India is a small northeastern part of the vast ancient con- 
tinent of Gondwana Land. According to Suess, the latter embraced, 
besides India, Madagascar, and Africa, also South America, the Malay 
Archipelago, and Australia, but now the last-named continent is com- 
monly excluded. In Permian time the Gangamopteris flora was com- 
mon to all. of this vast continent, Australia, and Antarctica. To the 
north of Gondwana Land lay the vast mediterranean Tethys of Suess, 
of wich the present Mediterranean is the remainder. 

The Gondwana system begins with the Talchir tillites, and homo- 
taxial ones occur outside of the peninsula in Rajputana and the Salt 
Range. They are followed on the peninsula by a long time of coal- 
making and milder climates, and finally by dry, mild ones that ex- 
tended at least to the close of the Triassic. 

The tillites of peninsular India lie in “cavities of the Archean rocks” 
and in places there are varve clays. The Permian icefields, Coleman 
says, once covered India for at least 1,100 miles from south to north 
to the Salt Range, and at least 600 miles from east to west. Since these 
glaciers were of the continental type, and since the known part of the 
ice moved from south to north, it follows that other fields must have 
radiated far to the south of central India. 

In the Rhamghur coalfield, the Boulder beds, according to Coleman 
(1926, pages 99, 106), alternate 
“with beds of shales and sandstones, the whole having a thickness of 900 


to 1000 feet. This is the first suggestion of interglacial beds in the Talchirs.” 
[Boulders up to 15 feet in diameter occur in the Raniganj coal field. On the 
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Peganga river near Irai] “we stood upon a smoothly glaciated and striated 
floor of ancient limestone, on which rested about 40 feet of typical boulder 
clay enclosing blocks of granite, gneiss and the local rock, some of them 8 or 
4 feet in diameter. Many of them were striated and the crumbling face of 
the tillite might well have been [Pleistocene] boulder clay by the shore of a 
Canadian river.” 


The lower Gondwanas, according to Wadia (1919, page 113), 


“contain a very rich collection of ferns and equisetums; the middle part of 
the system contains a fairly well differentiated invertebrate as well as verte 
brate fauna of crustacea, insects, fish, amphibia, and reptiles, besides plants,” 


It is of interest to point out here that the sequence of formations and 
floras of the Gondwana system of India is in close harmony with that 
of the Karroo system of South Africa. Both are, of course, of Gond- 
wana Land. 

Of great interest was the discovery in 1921, by K. P. Sinor,’ in the 
coal field near Umaria, Rewah State, central India, of four beds with 
marine fossils, less than 5 feet thick, which “rest with a slight uncon- 
formity on the Talchir beds and pass without a break into the Barakar 
stage” (Reed, 393). The named species, all new, are Productus umarien- 
sis, P. rewahensis, Spirifer narsarhensis, Reticularia barakarensis, and 
Pleurotomaria umariensis. According to Reed, the fauna “has a striking 
individuality of its own,” with closest relations among Himalayan and 
Russian species. He places it definitely in the “Permo-Carboniferous,” 
which means Lower Permian. Wadia places the Barakar in the Middle 
Permian, and the present writer would say well up in that division. The 
marine transgression, Reed thinks, came in either from the north through 
Rajputana or from the west coast, but the writer believes it to have come 
from Tethys and to have been connected with the oldest or cold-water sea 
of the Salt Range. While this evidence is in itself not overwhelming, 
it appears to show that this seaway connected with the marine Permian 
to the north and may be of the earliest Productus limestone time. This 
deduction becomes all the more probable when we learn that nowhere in 
India are there known to be any Upper Carboniferous strata and fossils. 
There is, however, much evidence showing the presence of the Lower 
Carboniferous in the Himalayas. Accordingly, the older part of the 
Barakar series is to the writer clearly of late Middle Permian time. 

Synopsis of historical geology (mainly after D. N. Wadia, 1919).— 
Upper Gondwana, of Lower Cretaceous and Middle Jurassic time. 

Upper Gondwana, of Rhetic rather than Liassic age.—This is the 





15 Records Geol. Survéy India, vol. 54, 1922, pp. 14-16. See also Reed, ibidem, vol. 60, 
1928, pp. 367-398. 
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Rajmahal series, largely of basalts and dolerites, 2,000 feet thick and 
about equivalent to the Drakensberg basalts of South Africa. 

Middle Gondwana, Upper Triassic, or Keuper—‘Massive red and 
yellow, coarse [arkosic-micaceous] sandstones, conglomerates, grits, and 
shales, altogether devoid of coal seams or of carbonaceous matter in any 
shape” ; thickness, between 5,000 and 10,000 feet ; semiarid climate. 

Mahadeva-Maleri series. Amphibia: Mastodonsaurus, Gondwano- 
saurus, Capitosaurus, Metopias. Reptiles: Hyperodapedon, Belodon, 
Parasuchus, Massospondylus. 

More or less of a break. 

Middle Gondwana, ? Lower Triassic, or Upper Permian.—Kamthi- 
Pachmarhi series; of wide distribution, variously colored sandstones, 
micaceous clays, grits, and conglomerates; 3,000-8,000 feet. Plants: 
Vertebraria, Phyllotheca, Glossopteris, Gangamopteris, Pecopteris, 
Angiopteridium, Daneopsis hughesi. “This flora resembles that of the 
Damuda series [of the Permian] in many of its forms, being for the 
most part the survivors of the latter flora” (page 126). 

Panchet series. Coarse, red, arkosic, cross-bedded sandstones with 
red shales ; 1,500 feet ; of local occurrence. Vredenburg places the Pan- 


chet series in the Permian. Amphibia: Gonioglyptus, Glyptognathus, 


Pachygonia. Reptiles: Dicynodon, Epicampodon (dinosaur). Plants: 
Pecopteris concinna, Glossopteris, Schizoneura, Vertebraria, Samaropsis, 
Dicroidium, Oleandridium. 

Long break between Panchet and highest Damuda. 


Lower Gondwana, Upper and Middle Permian.— 


Damuda se- \ Raniganj stage. 

ries. Upper ¢ : 

Permian. Ironstone shale stage. pIn Salt Range = Productus limestone. 
Barakar stage. Middle Permian. 


Talchir se- ) Karharbari stage. 
ries. Middle } In Salt Range = Panjabian. 
Permian. J Talchir stage. J 


Damuda series (Bengal). The main coal horizon in India, furnish- 
ing about 97 per cent of the total production. Climate probably mild 
and humid. Plants: Glossopteris (16 species), Gangamopteris (4), 
Sphenopteris, Pecopteris, Cyclopteris, Dicroidium, Macroteniopteris, 
Oleandridium, Dicksonia, Actinopteris, Sagenopteris, Cyathea, Trizygia, 
Vertebraria, Phyllotheca, Voltzia, Samaropsis, Cyclopitys, Rhipidopsis, 
Ptilophyllum, Noeggerathiopsis. 

Upper Damuda, or Raniganj stage (Upper Permian; Triassic accord- 
ing to Koken), of local occurrence. Massive, cross-bedded, arkosic (de- 
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composed ) sandstones and red, brown, and black shales, with valuable 
coal beds; 5,000 feet thick. Plants: Alethopteris, Pecopteris, Sphenop. 
teris, Merianopteris, Phyllotheca, Palwovitiaria, Belemnopteris, Angiop- 
teridium, Rhipidopsis, Pterophyllum. 

Middle Damuda, or Ironstone shales (Upper Permian), of local oc- 
currence; 1,400 feet thick. Carbonaceous shales, with ironstone 
(siderite) concretions abundant enough to make ores. No coals. 

Lower Damuda, or Barakar stage (late Middle Permian), of wide 
distribution, with the most valuable coals. Coarse, soft, usually white, 
massive sandstones and carbonaceous shales, 2,000 feet thick. In an 
equivalent of the Barakar occurs the amphibian Gondwanosaurus. 

Talchir series. Upper Talchir, or Karharbari stage (Middle Per- 
mian). Grits, conglomerates, arkosic sandstones with some shales and 
good coals, 500-600 feet thick; of wide distribution. Plants abundant: 
Gangamopteris (8 species), Glossopteris (4), Vertebraria, Sagenopteris, 
Glossozamites, Noeggerathiopsis, Euryphyllum, Voltzia, Albertia, 
Samaropsis, Cardiocarpus, Carpolithus. 

Basal Talchir stage (Middle Permian). Above, green laminated 
shales and soft, fine, arkosic sandstones, 300-400 feet thick; mainly of 
fluviatile and glacial-lake origin; or wide distribution. A thin coal bed 
in Sarguja. Below are fluvio-glacial boulder beds with faceted and 
striated stones imbedded in a fine siltlike matrix. The boulders were 
transported in floating ice derived from continental glaciers to the south 
and dropped in the Talchir lakes; also, true morainic deposits with 
boulders up to 15 feet across. In places a striated pavement. 

Fossils scarce and only in the upper sandstones: Gangamopteris 
cyclopteroides, G. angustifolia, Glossopteris communis, Noeggerathtopsis 
hislopi, insects, etcetera. 




















Part VI. Karroo System or SoutH AFRICA 








GENERAL DISCUSSION 


The following description of the Karroo system is based largely on 
Du Toit (1926), with supplemental matter on the reptiles from Laugh- 
ton (1920), Von Huene (1925), and Case (1926). 

The Karroo system has a distribution of over 200,000 square miles, 
covering most of and best known in the Union of South Africa. All 
of it is of Permian and Triassic ages. Nearly everywhere the sant- 
stones and shales, having a maximum thickness of about 22,000 feet, 
but with a usual depth of a few thousand feet, lie almost horizontal, 
and in late Triassic time they were extensively invaded by sheets and 
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dikes of dolerite. The rock facies and the stratal sequence and thick- 
ness vary greatly from place to place, as is to be expected in a con- 
tinental series such as is the Karroo almost throughout. The most 
important stratigraphic breaks are said to be at the bottom and top of 
the system, but others of less value also occur within the system itself. 
The most complete and thickest sequence occurs in the southern area, 
and it is believed to be “an absolutely unbroken one.” In the northern 
area “the succession is abbreviated and sometimes much reduced in 
thickness,” so that the Dwyka and the Beaufort series are missing. 

According to Davis (1906, page 441), 

“The stratified beds of the Karroo system . . . are much more plausibly 
regarded as of mixed lacustrine and fluviatile origin. Their sediments imply 


a vast erpsion from the contemporaneous higher peripheral areas and an ac- 
companying slow depression of the central area or basin of deposition.” 


The Karroo basin may in Permian-Triassic times have resembled 
the present Tarim basin of eastern Turkestan. Accordingly, Africa 
must since Karroo time have undergone “a considerable reduction of 
continental area” on the south, east, and west. 

Fossils are always scarce and are usually the bones of reptiles, along 
with a meager flora and silicified woods. No other continent, however, 
has so varied a vertebrate development of Permian and Triassic times. 
It is only’ in the Southwest Protectorate, along the Atlantic coast, that 
limited marine intercalations occur, and these have so far yielded but 
a few kinds of fossils, with Brazilian relations. 

The Gangamopteris flora is present at the very base of the Dwyka 
tillite. Gangamopteris cyclopterotdes 
“has actually been found jammed in between the boulder bed and the glaciated 
flor near Strydenburg, north of Britstown, while at Vereeniging well-pre- 
served fronds were discovered by Leslie in a shaly layer in similar position 
right against the [older] Dolomite. These are important finds, since they 


show that the Glossopteris flora was already flourishing in South Africa, 
while glacial conditions held sway” (Du Toit, 1926, page 214). 


The paleontologic evidence of the Dwyka series, which in all other 
continents is regarded as of the Permian, Du Toit holds (1926, pages 
215, 280) 


“is all pointing to a comparison not with the Permian, but with the Upper 
Carboniferous Epoch.” [In another place he is even more emphatic:] “All 
this evidence [of Australia], taken in conjunction with the fact that the 
fishes of the Dwyka shales include genera restricted to the Carboniferous, 
that the same is true of the crustacean Pygocephalus, that Lepidodendron 
australe characterizes the Devonian and Lower Carboniferous of Australia, 
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unanimously supports the view of an Upper Carboniferous (Uralian) age for 
the Dwyka tillite and Upper shales.” 


What Du Toit does not see is that the Gangamopteris flora is tied 
into a marine sequence, not only in Africa, but also in Kashmir, penin- 
sular India, and South America, and chiefly in Australia, where, of 
course, it is called “Permo-Carboniferous.” Nevertheless, on the basis 
of the marine sequence in the Salt Range of India, this flora is clearly 
not only Permian, but in all probability not older than Middle Permian, 
and the same is true of all the other places mentioned above. On the 
other hand, long-ranging genera can have no exact time value, and 
fishes, unless they are specifically identical, can lead to no positive corre- 
lations. Moreover, the identification of L. australe, a Devonian plant, 
in the Permian of South Africa is very questionable indeed. Regarding 
the schizopod Pygocephalus, it should be said that we know so very little 
about the range of these usually scarce and much localized crustaceans 
as to give little credence to the correlation made by Du Toit. As to 
the age of the Gangamopteris flora, all of the evidence indicates that it 
can not be older than Middle Permian, and the argument for this con- 
clusion is given in the first part of this essay. 

The Gangamopteris flora of the Dwyka is of the regulation type and 
is common to all of the larger lands of the southern hemisphere. With 
the land animals the distribution is far more restricted, but South 
Africa has some stocks in common with northern Russia and India. 
This interrelationship, however, does not take place until lower Beau- 
fort time of the Upper Permian, again in the upper Beaufort, and more 
especially in the upper Stormberg series (Red Beds and Cave sand- 
stones) of the later Triassic. With South America the African inter- 
relationships are meager indeed, and mainly so because all of the lower 
and middle Beaufort series is here absent, the connection being best 
seen in the marine series of Middle Permian time and again in the 
upper Beaufort and lower Stormberg (Red Beds) series, which compare 
with the Sio Bento series of the Upper Triassic of Brazil. 

The Karroo system in its lithology, sequence, and flora compares most 
favorably with the Gondwana system of peninsular India. While some 
reptiles are common to the two lands, the Indian formations have but 
few genera, and accordingly no close comparisons are possible other 
than for latest Permian time. ‘i 

According to Case (1926, pages 159, 161, 163) : 

“The site of the Karroo sedimentation was essentially a large receiving 


basin between the elevated lands of northern Transvaal and southern Rhode 
sia and the elevated portion of the southern part of the Cape Province.” 
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(The Karroo was essentially a vast aggrading plain without great bodies of 
water or large watercourses, a land of river floodplains and transient lakes, 
wer an increasingly dry climate.] “In or near the water bodies lived the 
great Pareiasaurian Cotylosaurs, some smaller reptiles, and the great Stego- 
cephalians ; upon the highlands lived the Dinocephalians and the carnivorous 
Therocephalians.” [Aridity begins to show from the Endothiodon to the 
Lystrosaurus zones, and is marked in the Cistecephalus zone—Watson says 
South Africa was then a semi-desert. Now] “the carnivorous forms, Gor- 
gnopsians and Therocephalians, are abundant in numbers and in kinds; the 
(ynodonts have made their appearance.” 


With South America there was some marine intermigration during a 
very limited part of Middle Permian time, as is shown in the Southwest 
Protectorate of Africa by the presence of the South American Meso- 
surus and Noteosaurus. The Gangamopteris flora, on the other hand, is 
almost identical in both continents. 

The formidable barrier to Euroasiatic interchange was the vast east- 
west mediterranean Tethys, and the problem is to find the bridge across 
which the Upper Permian migrations from Africa did take place. Von 
Huene thinks it was the Atlas-Iberian area, but Haughton and Case do 
not see that the evidence will permit of this route. Case says (1926, 
page 205) that the South African tetrapods can be traced as far north- 
east as Tanga. From here 
“the South African region was extended by the progressive physiographic and 
dimatic changes into the northern hemisphere, probably by way of the east 
wast of Africa, through India, and across the mediterranean Tethys in the 
region of northern India. It spread to the north and west until it reached 
northern Russia and Scotland.” 


SYNOPSIS OF HISTORICAL GEOLOGY OF KARROO SYSTEM IN 
CAPE COLONY-NATAL-ORANGE FREE STATE 


Upper Triassic, or Stormberg series.—Areal extent, at least 360 by 
200 miles. 

Drakensberg basalts, almost wholly lava flows (mainly of fissure type 
vith some volcanoes), with local ash beds and thin sandstones; 3,000- 
4500 feet thick. The basal beds are intimately linked with the Cave 
sandstone below, while the higher basalts are probably of Jurassic time. 
Desert climate over vast lava plains, followed by elevation and orogeny. 

Cave sandstones, 200-800 feet thick. Pink or red, white and yellow: 
lean, massive, feldspathic sandstones, wholly or in part of eolian origin. 
Climate warm and arid. Formation “not younger than Rhetic” (Du 
Toit) ; long regarded by Broom as of Lower Jurassic age, but Haugh- 
ton (1924), after detailed study, concludes that “Stormberg sedimenta- 
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tion began in Middle Triassic [== Molteno] and ended in the Rhatic” 
To this Von Huene agrees. 

Ornithischian dinosaurs: Geranosaurus. Saurischian dinosaurs: Aris- 
tosaurus, Gryponyzx, Massospondylus, Thecodontosaurus (2). Pseudo- 
suchia: Notochampsa, Pedeticosaurus. Fishes: Semionotus capensis, 
Crustacea: Huestheria draperi, Lepidurus stormbergensis. 

Red beds, 300-1,600 feet. Red and variegated mudstones and fel- 
spathic sandstones. Climate warm and semiarid. 

Mammal: Tritylodon longevus. Saurischia or dinosaurs: Atonyz, 
Dromicosaurus, Eucnemesaurus, Euskelosaurus (3), Gigantoscelis, 
Gryponyz (2), Massospondylus (2), Melanorosaurus, Plateosaurus (2), 
Thecodontosaurus (2). Pseudosuchia: Sphenosuchus, ?Erythrochampsa, 
Cynodontia: Lycorhinus, Pachygenelus, Trithelodon. Estheria and 
fossil wood. 

Middle Triassic, or Molteno beds.—These beds are from 140 to 2,000 
feet thick. Terrestrial, gray and blue shales, with zones of arkosic 
“glittering sandstones.” In the lower portion there are workable coal 
beds, composed of drift plants (Indwe, Guba, Molteno coals). Climate 
warm, with longer seasons of rain. No vertebrates yet found. 

Plants: Thinnfeldia (5), Taniopteris, Stormbergia gardneri (3), 
Chiropteris (3), Cladophlebis (2), Catlipteridium, Stenopteris, Gink- 
goites (3), Baiera (3), Glossopteris browniana, G. conspicua, Rezozylon 
(3), Dadozylon sclerosum, Neocalamites carreri, etcetera. Seward te- 
garded these plants as indicative of Rhetic age, but Haughton (1924) 
places the Molteno in the Middle Triassic. 

Middle Triassic, or Burghersdorp series—This series is from 1,500 
to 2,000 feet thick ; also, called upper Beaufort. Highly variegated mud- 
stones, shales, and felspathic sandstones. Climate warm and semiarid. 
Broom refers the Cynognathus zone to the Upper Triassic and the older 
Procolophon zone (of the middle Beaufort series) to the Lower Triassic. 

Plants of general distribution: Dan@opsis hughesi and Schizoneura. 
At the top occur Danaopsis hughesi, Odontopteris browni, Thinnfeldia 
feistmanteli, Callipteridium, Ginkgoites magnifolia, Pterophyllum, 
Pseudoctenis, Strobilites larus, Stigmatodendron dubium. This florule 
is closely related to that of the Molteno. 

Erythrosuchus, closely related to Scaphonyz of Brazil. In common 
with the European Lower Triassic are the stegocephalians Tremato- 
suchus, Cyclotosaurus, Capitosaurus. 

Zone of Cynognathus. Pelycosimia: Erythrosuchus. Pseudosuchia: 
Euparkeria. Gnathiodontia: Browniella, Howesia, Mesosuchus. Rhyn- 
chocephalia: Palacrodon. 
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Cynodontia: Hlurosuchus, Bauria, Cynidiognathus (2), Diademodon 
(5), Diastemodon, Gomphognathus (3), Karroomys, Lycochampsa, Mel- 
inodon, Microgomphodon, Nythosaurus, Octagomphus, Protacmon, Sesa- 
modon, Tribolodon, Trirachodon (4). 

Dicynodontia: Kannemeyeria (3). Cotylosauria: Telegnathus. 

Stegocephalia: Batrachosuchus (2), Capitosaurus (2), Cyclotosaurus, 
Gonioglyptus?, Rhytidosteus, Trematosuchus. ‘ 

Fishes: Celacanthus, Dictyopyge, Helichthys (3), Hybodus, Hydro- 
pessum, Oxygnathus, Pholidophorus, Ceratodus (2), Cleithrolepis (2). 

Lower Triassic, or Middle Beaufort series —tThis series is from 500 
to 1,000 feet thick. Below, variegated shales and mudstones; above, 
yellow sandstones == floodplain deposits. Climate warm and seasonally 
semiarid, but the oncoming progressive aridity was halted during this 
time. 

Plants of general distribution: Glossopteris browniana, G. angusti- 
folia, Schizoneura. Near top: Daneopsis, Pterophyllum, Dicroidium, 
Ginkgottes. , 

Zone of Procolophon, 500 feet thick. An unimportant zone continu- 
ing the fauna of below, but conditions becoming more arid. 

Pseudosuchia: Proterdsuchus. Lacertilia: Paliguana. Dicynodontia: 
Iystrosaurus. Cotylosauria: Procolophon (7%), Telegnathus (2). 
Stegocephalia: Capitosaurus, Petrophryne. 

Zone of Lystrosaurus. Regarded by Du Toit as making the top of 
the middle Beaufort beds. Case (1926) says that this zone “is gen- 
erally conceded to be above the limits of the true Permian.” 

Dinocephalia: Burnetia. Dicynodontia: Dicynodon (3), Herpeto- 
chirus, Lystrosaurus (19), Myosaurus, Prolystrosaurus (2), Theromus. 
Therocephalia: Moschorhinus. 

Cynodontia: Galesaurus, Glochinodon, Glochinodontoides, Ictidops 
(2), Nythosaurus, Platycraniellus, Theriodesmus, Trinarodon. Pely- 
cosimia: Chasmatosaurus. 

Stegocephalia: Laccocephalus, Lydekkerina, Micropholis, Urano- 
centrodon. 

Fishes more common than heretofore: Atherstonia (4), Caruichthys. 
Phyllopod: Estheria gray. 

Late Upper Permian, or Lower Beaufort series.—This series is from 
4,000 to 6,000 feet thick. Yellowish, felspathic sandstones, commonly 
blue green and rarely with red and purple sandy shales. Abounds in 
local breaks, overlaps, and washouts = floodplain deposits. 

Plants: Glossopteris browniana, G. indica, G. angustifolia, G. ampla, 
G. retifera, G. conspicua, G. nephroeidicus, G. stricta, G. damudica, G. 
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tatet, Vertebraria indica, Sphenopteris alta, Sphenophyllum, Teniopterig 
spathulata, Phyllotheca zeilleri, P. whaitsi, Schizoneura africana, 8, 
gondwanensis, Dadozylon arberi, Spirorylon africanum. 

Time of pareiasaurians and Glossopteris retifera. Regarding the Tep- 
tiles, Matthew (1923) says :** 

“This fauna is of peculiar interest as containing apparently the beginnings 
of the evolution of marhmals, birds, and dinosaurs. It is significant that it 
is regarded as the fauna of an arid or desert region .. . a series of 
plains or desert faune.”’ 


The climate was warm and devoid of freezing winters. Decided orogeny 
toward the close of the Permian in southernmost Africa, continuing 
into Middle Triassic time. 

Some of the reptiles of this time got into the northern hemisphere. 
They are thought to have spread north through eastern Africa, across 
Abyssinia, Persia, and so on north into the northern Uralian region. 
In regard to this occurrence, Du Toit says (1926, page 280) : 


“A most valuable datum is afforded by the presence on the Dwina, in 
northern Russia, of Pareiasaurian and other reptiles along with Glos- 
sopteris, Paleanodonta, and Archanodon (Paleomutela) in a zone of fresh- 
water deposits both under and overlain by marls and sandstones containing 
marine species of Zechstein age; wherefore the Endothiodon-Cistecephalus 
zone can be viewed as Upper Permian.” 


Baron Nopesa (1926) says :** 

“Deuterosaurus proves to be intermediate between the mainly North Amer- 
ican Pelycosaurians and the South African Deinocephalia. The copper- 
bearing strata in which Deuterosaurs are found contain also typical Deino- 
cephalians, but are evidently somewhat lower than the Tapinocephalus Beds 
of South Africa. They are followed upwards by the reptiliferous beds of the 
Dwina that contain the same reptiles as the lower and middle beds of the 
Beaufort series in South Africa, and these are again followed, in the gov- 
ernments of Kostroma and Vologda, by beds containing Thecodontia. Thus 
the succession of the vertebrate faunas of Russia is the same as in South 
Africa; but it seems as if the South African fauna originated in the north, 
as, besides Deuterosaurus, the higher Dwina beds have also yielded remains 
of a primitive forerunner of the Cynognathia that is hitherto unknown in 
South Africa.” 


Fresh-water bivalves: Paleomutela, Paleanodonta. 
Amphibians: Rhinesuchus, Phrynosuchus, Laccocephalus, Lacco- 


Saurus. 
Zone of Cistecephalus, 1,500-2,000 feet thick, regarded by Von Huene 
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as of Upper Permian time. Red colors now more common, indicat- 
ing longer drier seasons. Has more fossils than any other zone. 

Cotylosauria: Anthodon. 

Dicynodontia: Bainia (2), Cistecephalus (4), Dicynodon (31), Diic- 
todon (2), Emydops (2), Emydopsis (2), Emydorhynchus, Emyduranus, 
Eocyclops, Palemydops, Therwognathus. Cynodontia: Cynosuchus (2). 

Therocephalia: Scylacosaurus, Scaloposaurus, Akidnognathus, Icti- 
cephalus, Ictidognathus, Ictidosuchus, Alopecopsis, Hyorhynchus, Lyco- 
saurus, Whattsia. 

Gorgonopsia: 4#lurosaurus, Hlurognathus, Asthenognathus, Cyno- 
draco, Tigrisuchus, Arctognathus (2), Scymnognathus (3), Scylacops, 
Gorgonognathus, Ictidorhinus, Cerdognathus, Sycosaurus. Theco- 
dontia: Youngina, Noteosuchus. 

Plants: Glossopteris, Schizoneura. 

Middle Upper Permian, or Lower Beaufort series—Zone of Endo- 
thiodon, 1,500-2,000 feet thick, with some red and purple beds. 

Pareiasauria: Propappus (3), Pareiasaurus, Paretasuchus. No Dino- 
cephalia. Mammal-like Dromasauria: Galechirus. 

Dicynodontia, now common: Dicynodon (16), Diictodon, Chely- 


rhynchus, Endothiodon (9), Emydops (4), Eosimops, Pristerodon (4), 


Dielurodon, Prodicynodon (2), Bainia, Chelyoposaurus, Cryptocynodon, 
Taognathus. 

Gorgonopsia: Gorgonops, Alurosaurus (3), Aloposaurus, Arctops, 
Arctosuchus, Cynochampsa, Leptotrachelus, Scymnognathus (2). 

Therocephalia: Alocorhinus, Ictidognathus, Ictidosuchus, Ictidosaurus, 
Scylacoides, Arnognathus, Cynodraco, Lycosuchus. 

Thecodontia: Heleophilus, Heleosaurus, Heleosuchus. 

Stegocephalia: Rhinesuchus (2), Phrynosuchus. 

Early Upper Permian, or Lower Beaufort series —Zone of Tapino- 
cephalus, 1,000-1,950 feet thick. Referred by Von Huene (1925) to 
the Middle Permian. 

Pareiasauria the most common fossils: Embrithosaurus, Bradysaurus 
(3), Propappus (3). These animals probably lived in burrows and died 
in them. 

Dinocephalia: Taptinocephalus, Struthiocephalus, Mormosaurus, Mos- 
chops, Taurops, Pnigalion, Lamiasaurus, Scapanodon, Delphinognathus, 
Moschosaurus, Moschognathus, Titanosuchus (3), Jonkeria, Pelosuchus, 
Phocosaurus, Anteosaurus. 

Mammal-like Dromasauria: Galeops, Galepus. Dicynodontia: Dicy- 
nodon. 

Gorgonopsia: Galesuchus, Scylacognathus, Eriphostoma. 
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Therocephalia, ranging in size from a rat to a lion: Alopecodon (2), 
Alopecognathus (2), Lycosuchus, Lycosaurus, Trochosaurus, Trocho- 
suchus (2), Pardosuchus, Scymnosaurus (3), Scymnorhinus, Glano- 
suchus, Hyenosuchus, Pristerognathus (3), Scylacorhinus, Simorhinella, 
Cerdodon. 

Stegocephalia: Rhinesuchus. Chelonia: Funotosaurus. 

Basal Upper Permian, or Ecca series.—This series is from 2,000 to 
6,000 feet thick, of mainly blue-green shales with interbeddéd sand- 
stones, in part lacustrine and continental, with coals and torbanites, 
Climate cool and humid, with winters becoming more temperate and 
probably somewhat drier. Higher lands to south and far to east. De- 
posits of rivers and their floodplains, with local lakes and swamps. 

Upper blue shales. Thin out northward ; have Glossopteris browniana, 
Gangamopteris cyclopteroides attenuata, Noeggerathiopsis hislopi, et- 
cetera. Here appear, very rarely and in fragmentary condition, the 
first Dinocephalia in Eccasaurus, and Archeosuchus. 

Middle felspathic sandstones, of widest distribution, 200-1,700 feet 
thick. In Natal and Transvaal have workable coals, 10-20 feet thick, 
and some beds of iron ores. To the north these sandstones rest directly 
on the Dwyka tillites. Climate moist and cool temperate. Flora as 
follows: Gangamopteris cyclopteroides, G. kashmirensis, Glossopteris 
browniana, G. indica, G. angustifolia, G. stricta, Vertebraria indica, 
Noeggerathiopsis hislopi, Neuropteridium validum, Psygmophyllum 
kidstoni, Sphenophyllum, Sphenopteris, Lepidodendron pedroanum, L. 
vereenigense, Sigillaria brardi, Schizoneura, Phyllotheca zeilleri, Otto- 
karia leslit, Samaropsis leslii, Dadoxylon arberi. 

Lower blue-green shales, vanishing northward. Glossopterts, Schizo- 
neura, Phyllotheca. 

Toward the north there is usually a distinct disconformity between 
the Ecca and the Dwyka series. 

Middle Permian, or Dwyka series —This series is up to 2,900 feet 
thick. Cold and wet climatic conditions. Highlands existed to south 
and far in east. 

Upper olive-green shales and sandstones, 300 to 700 feet thick, inter- 
preted as mainly glacial silts. With the retreat of ice, southwestern 
Africa was invaded by the Atlantic. At the top of the Upper shales, a 
black, carbonaceous, widespread estuarine shale that weathers into the 
“White Band ;” it correlates with the Iraty shales of Brazil. The “White 
Band” has aquatic reptiles, Mesosaurus tenuidens and Noteosaurus ; also 
Anthrapalemon ?, Pygocephalus, Paleoniscus capensis, and Glossopterss. 
In Southwest Africa, chiefly about Ganikobis, the marine beds have 
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Eurydesma globosum (also in Australia and India), Orthoceras ?, Conu- 
laria, Acrolepsis lotzi, Namaichthys schroedert, Mesosaurus (also in 
South America), and fossil wood. In the upper Dwyka shales, Lepido- 
dendron sp. 

Tillites and boulder beds in an argillaceous matrix, 0-2,000 feet. 
Occur in South Africa at the least between parallels 22 and 34 degrees 
and meridians 17 and 32 degrees. Boulders of ground moraines up to 
10 feet across, many striated and soled, the whole often resting on 
glaciated pavements. North of 27 degrees the Dwyka tillites are irreg- 
ularly present, and north of 33 degrees tillites make the basal member 
of the Karroo system. Ice movement southwest and south and finally 
out into the oceans. 

“In Pre-Dwyka . . . times South Africa was a country of low relief, 
a peneplain in the southwest, rising steadily toward the northeast, where the 
surface was diversified by low ranges . . . from 3,000 to possibly 5,000 


feet above sealevel. . . . In the extreme northwest .. . rose another 
mountainous block” (Du Toit). 


Davis (1906) describes the Dwyka seen by him, and then postulates 
the physiographic conditions of the country when the continental glaciers 
were in existence. He says (pages 413 to 415): 


[They] “moved across a region which bore subdued mountains here and 
there, but which was reduced to moderate relief by previous erosion over large 
areas. . . . In the marginal area at least the ice advanced more than 
once, and after its final recession a climate ensued so favorable to plant 
life that a number of coal beds were formed in the Ecca series which over- 
lies the glacial deposits. . . . Uplifted areas there must have been, however. 
somewhere in South Africa then or soon afterward, in order to provide the 
great bodies of sediment deposited in the heavy Karroo series.” 


In regard to the climate and on the basis of the physiographic condi- 
tions, Davis holds (pages 415, 420) that 


“the cause of the Dwyka ice-sheet must be searched for in a general lower- 
ing of terrestrial temperatures. In no other way can a sufficient snowy 
precipitation on a lowland in latitude of 25 degrees be produced. . .. The 
shifting of the poles is therefore at present not only a daring hypothesis, but 
gratuitous and discredited as well.” 


Coleman has also seen some of the glacial formations of South Africa. 
He says (1926, page 124) : 


“The whole impression of boulder clays, interglacial beds and striated sur- 
faces near N’gotche Mountain was surprisingly like that left on the mind of 
the student of Pleistocene glacial conditions in the northern United States 
or Canada, with this strange difference, that the African ice-sheet came from 
the north, i. e., from the equatorial regions, while that of America in the 
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Pleistocene was moving toward the equator and not away from it.” [Boulders 
are found 800 miles from their sources. Interglacial warmer times are as 
yet unknown, but may be expected. As all of the Dwyka ice moved to the 
south and southwest and as continental ice-caps radiate outward from high 
ground, Coleman expects to find that] “the glaciated area [also] stretched 
far to the north, perhaps even to the equator.” 


Great disconformity. 

Lower shales, 750 feet thick; age unknown; seen only south of 33 de- 
grees south; have indistinct plants and perhaps Phyllotheca. These 
shales, it would seem, are best included in the Witteberg formation be- 
low, the age of which is also unknown, excepting that it follows con- 
formably, but not necessarily unbroken, on the marine Lower Devonian 
(Bokkeveld). The age of the Witteberg is more likely to be Devonian; 
its plants are too poor to identify. Spirophyton is a worm burrow of 
a type ranging from Silurian to Miocene, and in the United States is 
especially common in the Devonian and Silurian. 


Part VII. PERMIAN AND CARBONIFEROUS OF NEW SoutH WALEs, 
AUSTRALIA 


GENERAL DISCUSSION 


The Permian system of Australia, best developed and best known in 
New South Wales, is a transgressive series (in places much of the lower 
part is absent) of marine and fresh-water strata with considerable vol- 
canic additions (extensive submarine lava flows with immense quanti- 
ties of ash), the whole ranging in thickness from about 3,600 feet up- 
ward to 17,700 feet. The greatest thickness is in the Hunter River 
district. The Permian overlies the Burindi-Kuttung, or Lower Car- 
boniferous, or rests directly on the Devonian, and in turn is overlain 
by the Upper Triassic series, but the three systems of strata are com- 
pletely separated from one another by breaks of long endurance that are 
either of disconformable or angular kinds. Accordingly, we need not 
study the Carboniferous-Permian sequences of the other provinces of 
Australia, which are far less long and not so well worked out. 

At the very outset of this discussion we will say that Frech (1901) 
in his study of the Permian of the whole world stated that there are 
in Australia no Upper Carboniferous marine faunas like those of the 
Fusulina limestone of Europe, Asia, and America. The so-called Upper 
Carboniferous (more often termed Permo-Carboniferous) marine faunas 
of Australia are composed, as elsewhere, of older and long-enduring hold- 
over forms associated with others of undoubted Permian time (page 
586). Finally, Frech points out that there is also present an ammonite 
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(Agathiceras ? micromphalus) of unmistakable Permian aspect, which 
suggests A. wralicum of the Russian Lower Permian (page 591). In 
other words, he concludes that the “Upper Carboniferous,” or “Permo- 
Carboniferous,” of Australia is of Lower Permian time. To these con- 
clusions the Australians have never given the slightest attention. 

The Australians usually call their Permian the Permo-Carboniferous 
period, but their use of this term has nothing to do with the first coinage 
of the same name in North America (defined in Part IV), or the same 
term used in Russia for the earlier Permian, beneath the true Permian 
as defined by Murchison (defined in Part II). It was R. Etheridge, 
Jr., who first used Permo-Carboniferous in Australia for the thick series 
between the Lower Carboniferous and the Triassic. Siissmilch (1922, 
page 93) says it “has affinities with both the Carboniferous and Per- 
mian marine faunas of the northern hemisphere.” The Australian 
Permo-Carboniferous is clearly a synonym for what is now elsewhere 
called the Permian system or Permian period. 

Another striking fact is brought out by Case (1926, pages 137 and 
201), namely, that there is not a trace in all Australia of the remarkable 
vertebrate life of South Africa or Asia. In fact, there is but very 
little in the way of tetrapods in Australia. Hence he concludes: 

“It is altogether probable, from such evidence as is now at hand, that there 


was no land connection between Australia and the Indo-African mass in the 
time of the development of tetrapod life in the late Paleozoic.” 


From Malay through the East Indies all then was more or less a sea- 
way. 

Benson ** says that the marine Permian of eastern Australia has about 
200 species, and of these only 12, and at most not more than 19, forms 
are thought to occur also in the Burindi, or Lower Carboniferous; but 
a careful reworking of the fossils will undoubtedly show that this con- 
clusion is by no means correct. On the whole, the Permian fauna of 
eastern Australia does have some resemblance to that of the Salt Range 
of India—“an affinity which does not, however, amount to identity of 
species.” The more striking of such resemblances are in the alate 
Spirifers, many Strophalosias, and the genera Protoretepora, Eurydesma, 
Alphania, and Agathiceras?. On the other hand, the Permian of west- 
ern Australia has far more direct relationships with India, and this is 
seen in the large Aulosteges, Spirifer marcoui, the decidedly alate 
Spirifers, in Spiriferella, etcetera. In general, then, we can say that 
the “Permo-Carboniferous” marine faunas of Australia are unmistak- 





“Trans. New Zealand Inst., vol. 54, 1923, pp. 1-62. 
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ably of Permian time, and this is decidedly affirmed by the presence 
throughout of the Gangamopteris-Glossopteris flora. In further faunal 
support are the insects, but all of these occur in the terminal strata, and 
Tillyard regards them as uppermost Permian on the basis of their evolu- 
tional progression. Finally, we see that the “Permo-Carboniferous” 
succession is an unbroken one down to the basal fluvio-glacial strata, or 
the tillites, and even the break here appears to be of no more significance 
than the passage from land deposits to those of an invading sea. The 
break is, however, of the greatest significance, since all of the Upper 
Carboniferous is absent. 

In regard to the previous discussion, it may be well to add here what 
Koken (1907) in his studies of the Indian faunas has to say. He points 
out that the Permian faunas of western and eastern Australia are very 
different. In the west there are no Eurydesma, and in the east no 
Helicoprion, Hexagonella, or Aulosteges. The western Permian fauna 
resembles greatly that of the Productus limestone of India, and in the 
Gascoyne district is underlain by a boulder bed with faceted pebbles. 
Tschernyschew (1902) also sees in the Permian faunas of western Aus- 
tralia more or less of connections with the Lower Permian of the Urals. 
We can therefore say that during the ice-age at least the sea of western 
Australia was more extended and was probably continuous with that 
of the Indian mediterranean. On the other hand, there must have been 
an easy way across lands, permitting the Gangamopteris flora to spread 
between Australia, India, and South Africa, and we may look for this 
time of greater lands during the Lower Permian and the oncoming of 
the ice-age, with sea invasions beginning in the later Middle Permian 
and continuing throughout the Upper Permian. It is also probable that 
these sea invasions had much to do with the ameliorating of the cli- 
mate—a modification which was further assisted by the reduction of 
mountain heights through erosion and by isostatic compensation brought 
about by the loading of the lands with continental ice-sheets and the 
removal of the latter through melting. 

Nowhere in the Permian of southeastern Australia are there coral 
reefs, and while scattering Tetracoralla are present, these are usually 
small in size and of very few kinds. The fact that the deposits are 
almost wholly mudstones and sandstones can not be the whole cause for 
the poor coral development. On the other hand, the mineral glendonite 
(pseudomorphic after glauberite — double sulphate of lime and soda) 
occurs in several zones in both the Lower and Upper Marine series. 
Such crystals are thought to have formed in cold waters, and sulphate 
of soda forms today in the ice near sealevel in Antarctica (David, 1914). 
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We have seen that the total Permian fauna of southeastern Australia 
has about 200 species, whereas the warm waters to the north of this 
continent, on Timor, have 600 forms, and the large size of many of the 
southern fossils—chiefly starfishes, crinids, brachiopods, and bivalves— 
the few kinds of Productus, and the almost complete absence of cephalo- 
pods, none of which are large, appear to confirm the presence of cold 
waters, but only in southeastern Australia. Finally, even in the Upper 
Permian the Belmont insects are very small, of a forest flora, and none 
indicate a subtropical climate. 

The Upper Permian flora of Bowen River, Queensland,’® has: Phyllo- 
theca australis, P. robusta, Sphenophyllum speciosum, Cladophlebis 
roylet, Sphenopteris polymorpha, S. lobifolia, Glossopteris browniana, G. 
indica, G. ampla, G. jonest, G. tortuosa, Vertebraria indica, Nummulo- 
spermum bowenense, Gangamopteris cyclopteroides, G. angustifolia, 
Dadoxylon arberi, Noeggerathiopsis hislopi, Samaropsis dawsoni, 8. 
etheridgei, Dictyopteridium sporiferum. “This flora attained its maxi- 
mum development, as regards number of species, before the close of the 
lower Bowen epoch, and then began a gradual decline.” 

The fact that as yet the Gangamopteris flora is unknown in the Per- 
mian tillites of New South Wales—it is known in those of Victoria and 
Tasmania—and even in the lower part of the higher Lower Marine 
series of the same province may be due to lack of collecting or to the 
fact that these beds may be older than the appearance of this flora in 
Australia. In this connection it should not be forgotten that the glacial 
beds beneath the Productus limestone of the Salt Range of India are 
not at the base of the Permian system as now defined, but that at least 
the whole of the Lower Permian of Russia and the lower Rotliegende 
of Germany are older than the Talchir glacial beds of India. What 
this flora of the oldest Permian was like in the southern hemisphere is 
wholly unknown; in the northern hemisphere it is known as the Rot- 
liegende and Gigantopteris fioras. 

The glacial evidence is summarized by Siissmilch (1922, pages 143 
to 147) as follows: Tillites are known in Tasmania, South Australia, 
Victoria, and New South Wales. The glaciers moved from south to 
north and land ice extended north to Derrinal in Victoria, the Inman 
Valley in South Australia, and to southeastern New South Wales. Ice- 
bergs derived from glaciers, however, carried glaciated material much 
farther north into New South Wales, where such scattering erratics oc- 
cur in the Lower and Upper Marine series; to the Bowen River in 


” A. B. Walkom : Queensland Geol. Survey, Pub. No. 270, 1922, p. 39. 
LVI—Buti. Grou. Soc. AM., VoL. 39, 1927 
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Queensland; and to the marine beds of West Australia (Gascoyne 
River). 
SYNOPSIS OF HISTORICAL GEOLOGY 

Upper Triassic.—Wianamatta terrestrial shales, with some sandstones 
and coals, 700 feet thick. 

Break in sequence and erosion interval. 

Hawkesbury terrestrial and marine sandstones, 135 to 1,100 feet thick. 

‘No break in center of basin. 

Narrabeen terrestrial reddish sandstones and shales, with some con- 
glomerates and tuffs, 240-1,850 feet thick. On the basis of the plants 
alone, the Narrabeen can not readily be distinguished from the rest of 
the Upper Triassic. 

Ipswich terrestrial shales, sandstones, some tuffs and coal beds, 2,000 to 
2,500 feet thick. “The flora of the Ipswich series must be regarded as at 
least as old as Rhxtic and probably somewhat older,” and is most clearly 
related to that of the Wianamatta (Walkom, 1918, pages 71, 87). 

The Ipswich series has of insects 122 species in 63 genera and 11 
orders. Coleoptera are dominant = 45 per cent of fauna. Insects are 
most valuable in correlation, and Tillyard (1923, page 492)-says that 
the age of the Ipswich beds is “not earlier than the lowest division of 
the Upper Triassic and not later than the top of the Upper Triassic; 
it is probably a little older than Rhetic.” 

Everywhere then follows below a distinct break. In northeastern New 
South Wales and in southern Queensland extensive intrusions of granitic 
masses have “resulted in extreme folding and metamorphism. . . . In 
addition, there is a very distinct paleontological break.” The time inter- 
val must have been long, since almost nothing of the Permian flora 
occurs in the Narrabeen above (Walkom, 1918, pages 96-98), and the 
insects at Ipswich are also radically different (Tillyard). 

Upper Permian.—Volcanic activity somewhere throughout this time. 
Newcastle or Upper Coal Measures, 480-1,500 feet thick. Terrestrial 
conglomerates, sandstones, shales, and cherty tuffs. Most important 
humic coal series, with ten important beds, each 3-27 feet thick, some 
of which have vertical trees. Fossil forests in several horizons. 

Plants: Glossopteris browniana and G. ampla, predominating over 
Gangamopteris. Here, also, Sphenopteris, Phyllotheca australis, P. 
etheridget, Caulopterts, Dadorylon australe, etcetera. 

Amphibia: Bothriceps australis, B. major. This genus is not re 
ported from South Africa; here it is Lydekkerina. Phyllopods: Esthera 
coghlani, Leaia mitchelli (near top). 
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Insects: Near Belmont and about 300 feet beneath the top of the 
Newcastle series have been found about 200 specimens of insects in 
about 50 species. A few have been found at other horizons and all are 
grouped together by Tillyard *° as the Newcastle insect fauna. He says 
this is the most highly specialized one of the Paleozoic and is “far in 
advance of any other known Paleozoic insect fauna.” Six orders are 
present and chiefly Homoptera and Coleoptera. In size their general 
average “is very small indeed” and they are of a forest flora, but none 
are of a warm or subtropical climate. No paleontologist would, on the 
evidence of their evolution alone, regard them as other than of Triassic 
time. In fact, “he would probably reject straightway any suggestion 
that they might have come from a Paleozoic horizon.” 

Dempsey series. Fresh-water shales and sandstones, but without coal, 
2,000-3,000 feet thick. Absent in places. 

Tomago, or East Maitland Coal Measures, 600-2,000 feet thick. Ab- 
sent in places. Fresh-water shales, sandstones, conglomerates, and coal. 
beds (3-10 feet), making an aggregate of coal of about 30 feet. Plants: 
Glossopteris, predominating over. Gangamopteris. Fossil trees smaller 
than in Newcastle series. 

Upper Marine transgressive series, 400-6,400 feet thick. Mudstones, 
sandstones, and a basal conglomerate. Of wider distribution than the 
Lower Marine; in places absent. Time of marked. volcanic activity. 
The Upper and Lower Marine series do not have a very varied fauna; 
many of the species are of large size, with some of them known to be 
of cold waters; the Muree conglomerate has dropped glacial erratics. 

Guide fossil: Productus brachytherus. 

The Upper Marine is subdivided as follows: 

Mulbring cherty tuffaceous shales, 100-200 feet. Zaphrentis phyma- 
toides, Trachypora, Archeocidaris, Tribrachiocrinus (4), Phialocrinus, 
Spirifer convolutus, S. duodecimcostatus, Martiniopsis subradiata mor- 
nsit, Chanomya, Deltopecten wingenensis, Eurydesma cordatum, Meonia 
carinata, A gathiceras micromphalus. 

Mulbring crinoidal shales, 1,500-4,000 feet thick, with scattering 
glacial stones. 

Muree conglomerate, with dropped glacial erratics (over a ton in 
weight), and marine sandstones, 400 feet. Regarding this and the other 
conglomerates in the Upper and Lower Marine series, Siissmilch says 
(1922, pages 95-96) that they are not in any sense boulder clays or till, 
but are ordinary sediments, into which, during their deposition, glacial 
pebbles have been dropped by floating ice. 





Proc. Linn. Soc. New South Wales, vol. 51, pt. 2, 1926, pp. 1-30. 
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Zaphrentis phymatoides, Archeoctdaris, Phialocrinus princeps, many 
Dielasma and Spirtfer, Martiniopsis cyrtiformis, M. oviformis, Stro- 
phalosia clarkei (common), S, gerardi, Conocardium australe, Aviculo- 
pecten ponderosus, Deltopecten leniusculus, Maonia fragilis, M. carinata, 

Branxton marine transgressive shales, ‘sandstones, and conglomerates, 
with many dropped glacial erratics (up to 5 tons), 3,000 feet. 

Zaphrentis robusta, Trachypora wilkinsont, Monaster clarket, many 
Fenestella, Protoretepora ampla, P. konincki, many Dielasma, Spirifer, 
Martiniopsis, Strophalosia clarkei, Chenomya etheridgei, C. wndata, 
Conocardium australe, Pleurophorus morristi, many Aviculopecten and 
Deltopecten, Platyschisma occulus, Conularia inornata, Agathiceras 
micromphalus, etcetera. , 

Upper ? Permian, Greta, or Lower Coal Measures, 130-400 feet thick; 
often absent. Fresh-water shales, sandstones, conglomerates, and two 
humic coal beds (Homeville, 3-11 feet; Greta, 14-32 feet, the most 
valuable coal bed in Australia). 

Plants: Gangamopteris clarkei, predominating over Glossopteris, 
Sphenopteris, Phyllotheca australis. Wood very rare. Noeggerathiopsis 
hislopr. 

Middle Permian, Lower Marine transgressive series.—This series is 
from 0 to 4,800 feet thick. In general, the marine fauna is much like 
that of the Upper Marine series. (Gangamopteris occurs at 1,300 feet 
and again at 1,800 feet above the Seaham glacial beds. Subdivided as 
follows: 

Farley stage of (1) marine sandstones (with small erratics), 1,000 feet. 
(2) Ravensfield sandstones, 15 feet. Has Dadoxrylon farleyense, Monaster 
giganteus, M. clarkei, and M. stutchburti, many Dielasma and Spirifer, 
Productus fragilis, Chenomya, Cardiomorpha gryphioides. Aviculopecten 
profundus, A. tenuicollis, Deltopecten farleyensis, Eurydesma cordatum 
ovale, Meonia carinata, Myttlus bigsbyi, Pleurophorus gregarius, Stutch- 
buria farleyensis, Platyschisma, Conularia, Agathiceras microm phalus. 

Lochinvar stage with fossiliferous limestones. Subdivided as follows: 
(1) Tuffaceous and calcareous shales and cherts, 800 feet —= Rutherford 
shales. Rich in bryozoans (Protoretepora ampla) and foraminifers (Yw 
becularia). 

(2) Amygdaloidal basalt flow and andesitic fuffs with plants, 100-500 
feet. 

(3) Harper’s Hill chloritic sandstone conglomerates and andesites, 
200 feet. Has one coal bed 10 feet thick with Gangamopteris. Many 
bryozoans, Dielasma, Martiniopsis subradiata, many Spirifer, Chanomys 
etheridgei, Allorisma curvatum, Palearca subarguta, Meristomorpha 








ONS 


lany 
stro- 
ulo- 


ates, 


any 
ifer, 


and 
‘ick ; 


two 
most 








PERMIAN AND CARBONIFEROUS OF NEW SOUTH WALES 869 


macroptera, Avicula intumescens, Modiola crassissima, Aviculopecten 
squamuliferus, A. mttchellt, A. sprenti, Deltopecten illawarensis, Eury- 
desma hobartense, Pachydomus antiquatus, P. levis, P. ovalis, Pty- 
chomphalina trifilata, Keenia platyschismoides, Platyschisma depressum, 
Conularia levigata. 

(4) Tuffaceous marine shales with several thin andesitic and basalt 
flows, with scattering glacial erratics, 2,500 feet. Gangamopteris in 
uppermost beds. 

Bryozoa, Spirifer common, Productus cora farleyensis, Strophalosia 
jukest, A viculopecten sprenti, A. tenuicollis, A. englehardti, Deltopecten 
subquinquelineatus, D. farleyensis, Mourloma rotundata, Ptychomphalina 
trifilata, Conularia levigata. 

(5) Massive sandstones with plants, 50 feet. (6) Transgressive brown 
to purplish shales, with numerous dropped glaciated erratics, 150-300 
feet, and the first evidence of the Lower Marine fauna. 


MIDDLE PERMIAN OF HUNTER RIVER 


General statement.—An extra section is here interpolated to show 
more clearly the nature of the oldest Permian strata in southeast Aus- 
tralia. Basal 1,500 feet in the Hunter River district. This section is 
described by Browne and Dun (1924). David in 1914 referred it to 
the much older Kuttung series and in 1923 brought it back again to 
the “Permo-Carboniferous,” where it has otherwise always been placed. 

Fossiliferous limestones, 15 feet, with Fenestella, Martiniopsis sub- 
radiata, Deltopecten limaformis, Aviculopecten englehardti, A. tenui- 
collis, A. mttchelli, etcetera. 

Calcareous shales, 300 feet. 

Amygdaloidal basalt, in places up to 650 feet thick. 

Plant-bearing (species indeterminate) sandstones, 325 feet, with 
Spirifer, Dielasma, Platyschisma, Conularia, etcetera. 

Eurydesma hobartense zone, 3 feet, of mudstone. This characteristic 
Permian genus occurs higher, but is never found in the older Kuttung 
series, 

Shales, 195 feet, probably of glacial origin; have dropped and glacially 
striated stones of foreign rocks. 

Seaham glacial beds.—These beds are from 935 to 2,630 feet thick. 
the contact of the higher shales on these glacial beds, according to 
Browne and Dun, may be interpreted as either conformable or uncon- 
formable. In any event, the shales appear to be the transition deposits 
from the glacial beds of land origin to the marine zone of Eurydesma 
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hobartense. At Seaham, just north of the Hunter River district, the 
sequence is as follows: 

Gray tuffaceous mudstones, 264 feet. 

No. 3 tillite bed, 75 feet. 

No. 2 varve shale, 100 feet. 

No. 2 tillite bed, 80-100 feet ; white tuffs, 55 feet. 

No. 1 tillite (typical) bed, 200 feet; white tuffs, 315 feet. 

No. 1 varve shale, with pockets of pebbles, 110 feet. 

No. 2 outwash glacial conglomerate, 50 feet. Tuffs with conglom- 
erate, 220 feet. 

No. 1 outwash glacial conglomerate, 270 feet. In the basal part are 
boulders of the older Paterson rhyolite up to 12 feet across, and also 
others of the older Kuttung lava flows. Higher, this No. 1 conglom- 
erate has “much material which must have been derived from very dis- 
tant sources.” The boulders are of “granite, quartz-porphyries, gneiss, 
amphibolite, quartzite, etcetera. Large boulders are not limited to the 
base of this bed, but occur throughout; many are subangular and 
faceted, while some show glacial strie” (Siissmilch, 1920). This array 
of boulders, tillites, and varve shale can have but one meaning, namely, 
that they are of continental glaciers. 

Siissmilch says that no glacial pavements have yet been found about 
Seaham, but more recently Osborne and Browne * have found beneath 
this series such a striated pavement, showing that the ice moved north. 

Long break, disconformity, and overlap. No Upper Carboniferous 
present. 

Paterson rhyolite of Lower Carboniferous. 


DISCUSSION OF THE OLDEST PERMIAN OF NEW SOUTH WALES 


At least three times 


“of tillite deposition occurred in the Seaham district, and these three periods 
are separated from one another by two interglacial periods, during which 
varve shales were deposited in lakes occurring along the margin of an exten- 
sive ice-front. The varve beds are known to occur along a distance of not 
less than 200 miles” (Siissmilch and David, 1920, page 281). 


These glacial beds, Siissmilch adds, “have always been considered to 
belong to the Permo-Carboniferous,” but now he and David place them 
at the top of the Kuttung series, which, however, they think may extend 
well into the Upper Carboniferous. On a later page David appears to 
realize his difficulties, for he says (pages 332-333) : 





* Troc. Linn. Soc. N. S. Wales, vol. 46, 1921, p. 259. 
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“It is the fact that at Wynyard, in Tasmania; at Bacchus Marsh, in Vic- 
toria, . - . a Pre-Greta tillite lies at the base of the whole ‘Permo-Car- 
poniferous’ system, and is proved by the presence of . . . marine fossils 
and the Gangamopteris of Bacchus Marsh to be part and parcel of the ‘Permo- 
Carboniferous.’ One would expect, therefore, the main glacial horizon of 
the Lower Hunter to be at the base of the Pre-Greta Marine series, and 
therefore to be Uralian.” 


These last five words are an astonishing correlation and make his diffi- 
culties all the more alarming. His correlation is based on the finding 
in the Seaham varve shales and tuffs at Winders Hill and elsewhere of, 
commonly, Calamites (this genus has no limited time value) and, sup- 
posedly very rarely, Aneimites inequilaterus—a fern of the much older 
Kuttung series. It is a foregone conclusion that this species can not 
occur in the Seaham series. Accordingly, the names and exact age of 
these Seaham plants have not been made out, and the age of the Rhacop- 
teris flora of the older Kuttung will be discussed on a later page. The 
writer therefore regards the Seaham plant evidence as wholly incom- 
petent to prove that these glacial beds are a part of the Kuttung, but 
prefers, in the light of the other and much stronger evidence, to leave 
the Seaham formation at the base of the Permian, where this and all 
similar Australian tillites have heretofore been placed. Some of this 
other evidence for correlation is that the glaciated stones occur only in 
the formations younger than the Kuttung, and never has a striated stone 
been found in the Kuttung. 

Furthermore, the Seaham beds rest with a great break on the Pater- 
son rhyolite of the Lower Carboniferous (note that boulders of it occur 
in the Seaham) and in other places on older formations down to the 
Devonian. All of this shows plainly that the Permian, above the Sea- 
ham tillites, is a transgressing series of a new marine cycle of deposi- 
tion, conditions repeated in India and Brazil. In regard to this uncon- 
formity David says, furthermore (1920, pages 301-302) : 

“At Mount Bright, near Pokolbin, there is a strong unconformity between 
the . . . Kuttung series [tillites are here absent] and the Hurydesma 
cordatum [= hobartense] beds of the Lower Marine series. There can be 


no question of a strong angular unconformity between these two horizons 
at the above locality.” 


It is very evident that David (1920) in placing the Kuttung series 
and the Seaham glacial beds in the Upper Carboniferous was largely 
influenced by what he believes to be the age of the North American 
Squantum tillite and the Roxbury conglomerate. He thinks that they 
are of the Upper Carboniferous, but as yet these strata are not cer- 
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tainly dated. On the other hand, the field relations of the Roxbury 
and Squantum are rather in favor of their age being Permian. In any 
event, it is too long-range a correlation to make on physical grounds, 
(See latter part of Part IV for further discussion.) 

David then makes comparisons and correlations with the other well- 
known Permian areas throughout the world in the hope of making the 
Kuttung series of Upper Carboniferous age. The correlations of this 
survey are so much in error that the writer does not propose to adjust 
them; he leaves it to David to prove his belief, and especially that the 
Seaham fluvioglacial beds are anything other than the regulation Per- 
mian tillites. On the other hand, all of the Kuttung series appears to 
the writer to belong not at all to the Upper Carboniferous, but to the 
Lower Carboniferous. This correlation will be discussed on a later 
page. 

Finally, the fluvio-glacial beds and the fauna of the succeeding Lower 
Marine series are closely tied faunally with the lower part of the marine 
Permian of the Salt Range of India. For this relationship, see Part V. 

Coleman (1926) holds that the Australian continent is par excellence 
the one of long-continued Permian glaciation. All the States of the 
Commonwealth have been more or less glaciated and in New South 
Wales and West Australia the ice reached sealevel. In South Australia 
the ice moved from south to north, from the vanished land of Tasmantis 
to the north. In Australia the ice-age may have continued longer than 
elsewhere, and the two interbedded long series of marine strata give 
evidence that at the least highland glaciers lasted here longer than any- 
where else. On the other hand, the great thicknesses of the clastic forma- 
tions can give no exact length of time, since they are clearly of very 
rapid deposition. 

In South Australia, Howchin says (1918, page 400) that the Per- 
mian is wholly of a continental character and more specifically of glacial 
deposits known as the Inmanian tillite. This ranges in thickness up 
to 960 feet, with erratics up to 20 feet across. Beneath the morainic 
debris is a glaciated base. 


LATE LOWER CARBONIFEROUS, OR KUTTUNG SERIES 


It seems that late in the middle Lower Carboniferous eastern New 
South Wales, or the area of the Burindi sea, was elevated into dry 
land, and that this same area then became one of active volcanic action 
throughout much, if not all, of the remaining Lower Carboniferous 
(Kuttung) time. It does not appear that then there was any general 
orogenie movement, the diastrophism being of the epeirogenic kind. 
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Locally, however, as at Lochinvar, “there is a distinct unconformity be- 
tween the basal glacial beds of the Permo-Carboniferous and those of 
the Carboniferous” = Kuttung (David, 1914, page 590). The latter is 
regarded by the writer as unmistakably of late Lower Carboniferous 
age. It should clearly be borne in mind that no one has yet produced 
anywhere in southeastern Australia any evidence of the marine faunas 
or the regulation floras such as are known in other continents char- 
acterizing Upper Carboniferous time. This break, then, between the 
Kuttung and the Seaham of the Permian series was at the least the 
length of all Pennsylvanian (= Upper Carboniferous) time, and this 
conclusion will become more evident further on, in discussing the Lower 
Carboniferous formations. 


LATE LOWER CARBONIFEROUS JUST NORTH OF THE LOWER HUNTER 
RIVER DISTRICT 


Kuttung series, 7,450 feet thick (9,500 feet in Currabubula district), 
all of terrestrial and volcanic origin. Elsewhere this series is known 
only in Queensland and possibly in Victoria. It is characterized by 
the Rhacopteris flora. 

1. Paterson rhyolite, 200-300 feet thick, last of Kuttung flows and 
formations. 

2. Mount Johnstone beds, 1,950 feet thick, of tuffs, tuffaceous sand- 
stones, conglomerates, and mudstones. Interbedded in the tuffs are 
shales and thin impure coal beds having the Rhacopteris flora. As 
tentatively determined by Walkom, it has Asterocalamites radiatus, 
Lepidodendron, Cyclostigma, Aneimites ovatus (the most common plant, 
syn. Rhacopteris = Aneimites inequilatera), Rhacopteris intermedia, R. 
roemert, R. septentrionalis, R. ? wilkinsoni, Cardiopteris polymorpha, 
Sphenopteris clarkei, Rhacophyllum diversiforme. 

Kidston says: *? 





“The genus Rhacopteris occurs both in Upper and Lower Carboniferous 
rocks, but is more common in the latter. In the Upper Carboniferous of 
Britain two species are known from the Westphalian series, but these are 
only represented by a single specimen of each. All the other British rep- 
resentatives of Rhacopteris occur in the Lower Carboniferous.” 


Rhacopteris, according to Seward, “is characteristic of the Culm 
flora,” and this means Lower Carboniferous. 

To get at the bottom of this Australian confusion in correlation, the 
writer presented the matter of the Rhacopteris flora to Wavid White, 





* Fossil plants of the Carboniferous rocks of Great Britain [first section]. Mem. Geol 
Survey Great Britain, Pal., vol. 2, 1923, p. 204. 
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who has a lifelong acquaintance with it. Under date of August 10, 
1927, he writes as follows: 

“There is really very slender excuse for the obvious blunder of putting 
the Rhacopteris inequilatera flora or any other Rhacopteris flora in the Per. 
mian. Cardiopteris polymorpha is typically and exclusively Mississippian in 
America as well as in Europe.” 


While this paper was in proof, Walkom sent the writer his “Fossil 
Plants from the Upper Paleozoic Rocks of New South Wales” (Proce, 
Linnean Soc. New South Wales, volume 53, 1928, pages 255-269). He 
is now in England working with Professor Seward, and from the upper 
part of the Kuttung series he describes Lepidodendron osbornei, n. sp., 
Ulodendron minus, and Stigmaria ficoides. Rhacopteris occurs 100 feet 
above these plants. In the lowest beds of the Kuttung occurs a Lepido- 
dendron, Stigmaria ficoides, and Pitys ? siissmilchi, n. sp. Now Walkom 
says: “The flora of the Kuttung series is typically Lower Carboniferous, 
as judged by the standard of European fossil floras” (page 256). Ac- 
cordingly we see that Walkom, at least, is now satisfied that the Kuttung 
series is of Lower Carboniferous age. 

3. Martins Creek beds up to 2,280 feet thick, mainly of rhyolite flows 
(6), tuffs and conglomerates having granite blocks, etcetera. No fossils. 

4. Wallarobba conglomerate, with tuffs and tuffaceous sandstones above 
and conglomerates below, the whole ranging in thickness from 1,300 to 
3,000 feet, the pebbles being of water-worn granites, quartz-porphyry, 
quartzite, etcetera, up to 18 inches across. No fossils and no trace of 
glaciated stones. : 

Continuing the section downward, Siissmilch and David (1920) think 
that there is no break between the highest Burindi series (Hilldale 
beds) and the oldest of the Kuttung (Wallarobba). They say that the 
Hilldale tuffs “merge upward gradually into the conglomerates, and 
similar tuffs occur interstratified with the conglomerates themselves.” 
In other words, there is complete transition from the Burindi series, 
which at the top is also of volcanic materials, to the terrestrial Kuttung 
series, most of which, it should be distinctly noted, is also of volcanic 
origin. This evidence is in itself enough to prove that the Kuttung 
should be wholly Lower Carboniferous in age. The Burindi fauna 
is not younger than the Osagian of the American Mississippian period. 
Accordingly, we still have left the greater half of Mississippian time in 
which to place the Kuttung series. In other words, there is a very 
long time hiatus between the Kuttung and the Permian of New South 
Wales; in fact, all of the Upper Carboniferous and the Lower Permian 





Soa 


Bea ™ & da 








PERMIAN OF SOUTH AMERICA 875 


are absent. This is why there is no Coal Measures (== Pennsylvanian) 
flora in Australia, nor in India, South Africa, and Brazil. 


EARLY LOWER CARBONIFEROUS, OR BURINDI SERIES 


Burindi series of marine mudstones, the larger part of which are 
dacitic tuffs (= the highest beds, being the Hilldale member) ; conglom- 
erates (in beds 1-40 feet thick) aggregating not more than 200 feet; 
three lava flows in Gloucester district (== Stoney Creek member) ; the 
Dungog crinoidal and oolitic lenticular limestone in beds up to 20 feet 
thick, and ironstones up to 4 feet thick occur at various horizons in the 
Burindi mudstones. The whole is not less than 5,000 feet thick, with 
the base unseen. 

The marine fauna of the entire Burindi has, according to Benson, 
about 300 species. Some of the more significant fossils are many Tetra- 
coralla and some Tabulata, Symbathocrinus, Platycrinus, Actinocrinus, 
Metablastus, Granatocrinus, Tricelocrinus; many Bryozoa. The most 
common fossils are brachiopods: many Productus, Schizophoria re- 
supinata, Rhipidomella australis, Leptena analoga, Spirifer striatus, S. 
bisulcatus, S. ovalis, S. duplicicostatus, S. pinguis, Reticularia lineata, 
Chonetes papilionacea, Syringothyris exsuperans; many Avtculopecten, 
Phillipsia (8 species), Griffithides, Brachymetopus. Some of these 
specific determinations will not stand close inspection. 

Benson (1921) tells us that 31 species of the British Lower Car- 
honiferous brachiopods also occur in the Burindi series, and that their 
“arithmetical mean” showed the age of the latter as basal Visean. To 
the writer most of these brachiopods are of lower Avonian or Burling- 
ton == Keokuk kinds, and he would therefore make the age Osagian or 
Middle Mississippian, and this is also the view of Siissmilch (1919, page 
252; 1922, page 89). The statement of Benson that of the 300 species 
13 go into the Permian can have no correlating value in their present 
state of identification, and all the more so when one notes that most of 
them are Fenestella (5), Dielasma (3), and Platyceras (2). 

The Burindi flora is characterized by a preponderance of Lepidoden- 


dron, while that of the Kuttung has an abundance of Rhacopteris. 


Part VIII. Permian oF SoutH AMERICA 


In South America, the Lower Carboniferous, or Mississippian, forma- 
tions appear to be restricted to Colombia, though such may also be 
present in southern Peru. On the other hand, deformed Pennsylvanian 
is of wide distribution in the Andes, while undeformed and fossiliferous 
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Pennsylvanian formations cover large areas in the valley of the Amazon, 
The latter consist wholly of marine sandstones, shales, and limestones, 
with compiete absence of coal beds, and together have a total thickness 
varying between 1,000 and 2,000 feet. Many fine fossils have been 
collected, indicating considerable, if not all, of Pennsylvanian time, 
and there may be present also marine strata of early Permian time, 
Hartt, Katzer, and others say that Fusulina is of wide distribution, and 
this genus has also been reported in Peru. Derby (1894) described the 
fauna and Katzer (1903) refigured much of it. 

In northeastern Brazil, in what the writer is calling the Franciscan 
geosyncline, Pennsylvanian strata have been reported, but Branner 
correctly says (1919) that the fossil evidence for this determination is 
still lacking. They have also been reported in southwestern Brazil, but 
Woodworth includes these sandstones in the Permian, adding that dur- 
ing Pennsylvanian time all was land here (1913, page 50). 

The widest known distribution of Permian formations occurs in east- 
ern Brazil, in the area of the Franciscan geosyncline. Branner’s map 
of 1919 gives this distribution, but Du Toit (1927, page 62) says that 
many other formations are included. Here the Permian “seems to be 
mostly sandstones and shales, slightly disturbed, but they include ex- 
tensive beds of limestone, all of them cut here and there by eruptive 
dikes.” i 

According to Woodworth (1912), the thickness of the whole Permian 
in southern-eastern Brazil, between Itaicy and Piracicaba, is between 
2,300 and 3,950 feet. The Permian of southeastern Brazil 
“is characterized by a series of mainly non-marine formations laid down at 
or near sealevel with locally well-developed beds of tillite. . . . The 
lower members of the Permian section display no marked persistence north 
and south, but towards the top of the section more uniform conditions of 
deposition appear to have prevailed. The horizon of the Iraty black shales 
near the top appears to be fairly continuous” [and is of marine origin] 
(pages 50-51). 

“In the State of Sio Paulo the typical tillite is seemingly wanting except 
near the southern border, the evidence of ice-action being limited largely 
to argillaceous sandstones carrying occasional stones and boulders. The 
typical tillites crop out on the northern border of the State of Parand and 
are exposed at what appears to be more than one horizon as far south as 
Santa Catharina. In eastern Santa Catharina, in the section along the Rio 
Tuberao, there are no surface exposures of tillite, but water-worn conglom- 
erates occur at a low horizon in the section, apparently representing as at 
Ponta Grossa in Parandf the glacial episode’ (page 52). [Boulders up fo 


10 feet across are known.] 
“The massive aggregation in northeastern Parana is highly suggestive of 
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moraines laid down by land ice; but other sections in Sio Paulo and to the 
south and west in Paran& are equally clear as to their deposition by floating 
ice at times at any rate in the sea as the presence of marine fossiliferous 
marine shales in Parana plainly shows” (pages 74-75). 


Du Toit points out (1926, pages 402-403) that 


“Three glacial horizons are present in the San Juan district and also in 
Uruguay, while glaciated pavements were discovered at the base of the 
Permo-Carboniferous system in both these localities.’ [Mesosaurus also 
occurs here.] 


According to Keidel (1921), there were in Permian times two glacial 
centers in South America separated from one another by a sea. The 
northern area embraced Brazil, Bolivia, and northwest Argentina, and 
the southern glacial field was common to Patagonia and the Falkland 
Islands (here the ice moved from south to north). 

The continental glaciers of South America, Du Toit says (1927, pages 
68, 75, 102), moved 
“toward the northwest rather than in the reverse direction, which will be 
observed to be in agreement with that deduced in Argentina.” [The glacial 
center was to the southeast,] “lying out in the present Atlantic, 
which the sporadic development of the glacials and the overlapping of the 
higher beds on to the crystallines in the extreme south of Brazil would ap- 
pear to support.” 


Coleman has also studied in person some of the tillites of South 
America, and from his comprehensive book of 1926 is taken the fol- 
lowing : 

“The places visited with Dr. Pacheco are all within the tropics, Sio Paulc 
itself being just to the south of the line; and tillite has been found still 
farther north, the known area of outcrops extending for 500 kilometers from 


northeast to southwest, with a width of from 50 to 100 kilometers” (page 
159). 


In South America, tillites are now known 


“at many points between latitude 18 degrees and latitude 52 degrees, a stretch 
of 34 degrees, or about 2,380 miles from north to south, and are found in the 
State of Sio Paulo, in Brazil, as well as in the middle of Bolivia and north 
of San Juan, in western Argentina, a stretch from east to west of more than 
1,400 miles” (pages 171-172). 


Coleman adds that the area of tillites was originally much greater. 
“Even the known limits indicate glaciation at more widely separated 
points in South America than in Australia or South Africa and leave 
India far behind.” If all the area was covered by ice, he says, the 
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continental glaciers covered two million square miles. Striated stones 
are common and glaciated floors are unknown “except in northwestern 
Argentina and the Falkland Islands,” in San Juan, and in Uruguay. 
Interglacial beds are mentioned by Woodworth, Du Toit, and Coleman. 
“The ice reached sealevel in Brazil, Paraguay, Argentina, and prob- 
ably Bolivia, and was certainly of the continental type.” 

Undoubtedly the most comprehensive and detailed report on a part 
of the Permian of South America is the Relatorio Final of I. C. White, 
having to do especially with the Coal Measures of southeastern Brazil 
and including a monograph of the flora by David White. The former 
says that the Permian, or Tuberao, series generally begin with 
“a very coarse conglomerate [Orleans tillite], or often simply a great bed of 
large boulders. . . . From these oldest and lowest beds .. . there 
appears to be a regular succession of rocks . . . up through the coal- 
bearing series” (page 29). 


The measured thickness in the State of Santa Catharina is given as 
910 feet, but elsewhere Woodworth has found far greater depths, namely, 
between 2,300 and 3,950 feet. In the lower part of I. C. White’s sec- 
tion there are many superposed coal beds, as many as fifteen, but all 
are more or less slaty and usually very thin, though a few range be- 
tween 5 and 11 feet. 

White’s generalized section, with emendations from Du Toit (192%, 
pages 66-94), going from younger to older strata, is as follows: 

Upper Triassic, or Sao Bento series of igneous and continental de- 
posits, from 2,275 to 3,575 feet thick. 

At the top are the Serra Geral basaltic to andesitic eruptives, with some 
sediments in the lower part, up to 1,950 feet; cover fully 800,000 square 
kilometers in the Parana basin. Du Toit correlates with Stormberg of 
Africa and with Rhetic and Liassic of Europe. In Argentina the equiv- 
alent basalts are overlain by marine Lias or Dogger beds. 

Botucatu locally cliff-making, red, gray, and cream-colored sandstones, 
0-325 feet thick. Have Erythrosuchus sp., a genus that also occurs in 
the upper Beaufort of South Africa. This sandstone and the under- 
lying red shales are correlated by Du Toit with the Cave sandstone 
and Red Beds of South Africa. 

Rio do Rasto red shales, 325-1,300 feet thick. Have Scaphonyr 
fischeri, seemingly related to the upper Karroo dinosaur Euskelosaurus, 
Estheria, Dadoxylon (common), and Cladophlebis. 

Upper Estrada Nova shales. Probably wholly marine to north in 
northern Paranaé and Sio Paulo. The Solenomorpha fauna of Hold- 
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haus, thought by him to be of Permian age, is referred by Reed and 
Du Toit (1927) to the Triassic and possibly the Upper Triassic. Reed 
describes Pachycardia aff. rugosa, P. neotropica, Anodontophora aff. 
trapezoidalis, Trigonodus aff. rablensis, Myophoriopsis aff. carinata and 
lineata, Megalodus ? neotropicus, Schafhautlia paranaensis, Modiola aff. 
subcarinata, 

Disconformity and break of long duration. 

Upper Middle Permian, or Passa Dois series, from 725 to 1,215 feet 
thick. 

Rocinha limestone, about 10 feet thick; has teeth of labyrinthodonts 
and shells. 

Lower Estrada Nova shales. The whole of this group has a thickness 
of between 485 and 975 feet. Du Toit says that some indefinite lower 
thickness has Glossopteris browniana, G. angustifolia, Tentopteris cf. 
feddent, Pecopteris, and Cladophlebis. I. C. White reports Lycopodiop- 
sis derbyi, Sigillaria muralis, and Dadorylon nummularwum. 

Iraty black shales, 230 feet; probably largely marine; have Meso- 
saurus brasiliensis, Noteosaurus, and Stereosternum tumidum. The two 


_ first named genera also occur in South Africa, in the “White Band” of 


the Dwyka series. Have also the eurypterid Hastimima whitei and the 
plants Psaronius and Lycopodiopsis derbyji. 

Lower Middle Permian, or Tuberao series, 820 feet. 

Palermo shales, 310 feet, with Dadozylon. 

Rio Bonito paralic elastics, with thin slaty coal beds (== “Coal Meas- 
ures”), 510 feet; go unbroken into the Itarare series below; have the 
Gangamopteris flora throughout the formation. Interbedded with the 
coals are black shales of marine origin, with Lingula, Orbiculoidea, 
Chonetes, and other brachiopods, bivalves, sponges, insect wings, and 
fish scales. 

Lower Middle Permian, or Itarare series, with Orleans tillite (16-52 
feet), from 60 to 572 feet thick. Basal sandstones and shales of Jagua- 
ricatu with plant fragments; in some places the thickness is under 50 
feet and in others ranges up to 520 feet. 

Unconformity. Basement, either of lower Devonian or ancient 
granite. 

It is the Rio Bonito, or Coal Measures, that has 
“a typical lower Gondwana flora, embracing the principal types characteristic 
of that flora in India, Australia, and South Africa, to which is added [in 
the higher strata] a smaller part, chiefly composed of Lepidophytes, derived 
more or less directly from the northern Permo-Carboniferous flora’ (D. 
White, page 361). 
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He describes and illustrates 39 species, and of these 31 are specifically 
named, as follows (those with a * are derived from the older cosmopoli- 
tan floras) : 

Rosellinites gangamopteridis, Hysterites brasiliensis, Equisetites cala- 
mitinoides, Phyllotheca griesbachi, P. muelleriana, Lycopodiopsis der- 
byi, *Lepidodendron pedroanum, *Lepidophloios laricinus, *Sigillaria 
brardti, *S. australis, *S. ? muralis, Sphenopteris hastata ?, Psaronius 
brasiliensis, Neuropteridium plantianum, Glossopteris browniana, G. in- 
dica, G. ampla, G. occidentalis, Gangamopteris obovata (one of the 
earliest to appear in Brazil), Ottokaria ovalis, Arberia minasica, Der- 
byella aurita, Noeggerathiopsts hislopi, Cardiocarpon seizasi, C. moreira- 
num, C. olweiranum, C. barceliosum, Dadoxylon pedroi, D. nummula- 
rium, D. meridionale. 

In the pre-Cordilleras of Argentina occur additional forms of the 
older Gondwana flora, as Glossopteris retifera, Euryphyllum whitianum, 
Rhipidopsis ginkgoides, R. densinervis, and Phyllotheca deliquescens. 
In these strata there are also interbedded marine zones. 

The Gangamopteris flora and basal tillites are also known in the 
Serras de la Ventana of the province of Buenos Aires, and the flora 
without marine animals in northwestern Argentina, in the Serra de 
San Luis and the Serra de los Llanos; also, in the Chilean Cordilleras. 
The same flora and basal tillites are likewise known in the Falklands, 
where the series is said to be 10,000 feet thick. For a comprehensive 
description of the tillites of South America, see Coleman (1926), Keidel 
(1913), and Woodworth (1912). 

Woodworth says that Oliveira found at Passinho, south of Imbituvo, 
Lingula and other brachiopods, bivalves, and scales of fishes. On the 
Rio Negro, in a black combustible shale, occur Lingula, Orbiculoidea, 
sponges, and fishes; near “T. Soares,” Lingula, Orbiculoidea, an abun- 
dance of Chonetes and other brachiopods, fish scales, and wings of in- 
sects. 
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ExTENT AND GENERAL FEATURES 


The Atlantic and Gulf Coastal Plain throughout most of its extent in 
the United States is a sharply defined geologic province, but physio- 
graphically the province is not so sharply defined. The length of the 
plain from Cape Cod, Massachusetts, to the Rio Grande is about 2,200 
miles. The breadth of the Atlantic portion of the plain (exclusive of 
Florida) averages about 100 miles; the breadth of the Gulf portion that 
lies within the United States (exclusive of the Mississippi Valley) aver- 
ages about 250 miles. The Mississippi Valley from the Delta to Cairo 
is about 575 miles long and the peninsula of Florida is about 400 miles 
long. 

This vast so-called plain rises from sealevel on the coast to a height of 
more than 1,000 feet in Texas, and its inner margin rises from a little 
more than 100 feet in places on Cape Cod (disregarding hills of glacial 
upthrust that are nearly 300 feet high) to over 1,000 feet in Texas. 





1 Manuscript received by the Secretary of the Society March 31, 1928. 

This paper was presented as part of the Symposium on new data on the structural 
features of North America, at the meeting of the Geological Society of America at 
Cleveland, Ohio, December, 1927. Published by permission of the Director, U. 8. 
Geological Survey. 
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Beyond the Rio Grande, in Mexico, the country that can properly be 
called the Coastal Plain narrows rapidly toward the south, its inner mar- 
gin approaching within 15 or 20 miles of the coast, and from the vicinity 
of Tampico southward to Yucatan it is represented by relatively narrow 
areas along the coast. In Yucatan the plain broadens out again, prac- 
tically the whole of the peninsula presenting a coastal plain aspect. The 
Coastal Plain in the United States and Mexico is shown on the accom- 
panying sketch map (figure 1). 

From New England to Austin, Texas, the inner edge of the Coastal 
Plain is determined by the inner edge of nearly horizontal sedimentary 
deposits of Cretaceous and Tertiary age; from Austin to the Rio Grande 
it is determined by the Balcones fault zone; and in Mexico it is deter- 
mined by the eastern limit of structural disturbances that have folded and 
faulted the Cretaceous and Tertiary strata and at most places raised 
them too high to permit of their being included in the plain. The line 
marking the inner edge of the Coastal Plain in Mexico, as shown in 
figure 1, is taken, with minor modifications, from a preliminary map 
kindly furnished by Mr. S. A. Grogan, Chief Geologist of the Mexican 
Gulf Oil Company, Tampico, Mexico. As the topography of eastern 
Mexico becomes more accurately known, the necessity for minor changes 
in the position of the line will doubtless become apparent, although the 
line as drawn is approximately correct at most places. 


BroaD GEOLOGIC STRUCTURE 


The strata composing the Atlantic and Gulf Coastal Plain form a 
monocline having a gentle dip toward the coast—a feature which dis- 
tinguishes the Coastal Plain from the adjacent physiographic provinces, 
in which there are uplifts and structural disturbances of many kinds. 
In section the sediments of the Coastal Plain form a wedge-shaped mass 
along the Atlantic and Gulf region, with the feather edge of sediments 
along the inner border of the plain. The maximum thickness of the 
thick end of the wedge, along the coast, is not known. A record of 8 
well drilled at the mouth of Cape Fear River, North Carolina, which 
reached the basement rocks, shows that the thickness there is 1,540 feet, 
which is probably nearly the minimum thickness of the wedge at the 
coast. The maximum thickness is believed to be along the Gulf coast, 
perhaps in the vicinity of the mouth of the Mississippi River, and while 
data as to the amount are meager a few deep wells in different parts of 
the area throw some light on the subject. 

In Florida 3,000 feet of limestone, presumably all of Eocene age, has 
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been penetrated in Sumter County. A well near Chipley, in northwest- 
ern Florida, probably ended in the Tuscaloosa, the basal formation of 
the Upper Cretaceous system, at a depth of 4,910 feet. A well 4 miles 
northeast of Pascagoula, in southeastern Mississippi, 5,283 feet deep, 
probably did not completely penetrate the Tertiary deposits. In the 














FiGurE 1.—Sketch Map of Atlantic and Gulf Coastal Plain 


Showing axes of warping and principal fault zones. 


absence of well samples and fossils the driller’s log of the well can not 
be interpreted. A well near Lockport, in southwestern Louisiana, 
started in Pleistocene beds and penetrated sediments to a depth 
of 6,027 feet, but the age of the lowermost beds is not known. A 
6,060-foot boring near Kosse, in Limestone County, Texas, penetrated 
lower beds of the Wilcox group (Eocene), the Midway formation 
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(Eocene), and Upper Cretaceous beds including the Gulf series and 
most of the Comanche series. Beds of Jackson (Eocene) age, overlain 
by beds of Vicksburg (Oligocene) age, have been identified in wells sunk 
around the Damon Mound and West Columbia salt domes, Brazoria 
County, Texas, at depths of 4,000 to 4,500 feet, but these beds are up- 
tilted around the borders of the domes. Beds of Jackson age have also 
been identified at depths as great as 4,850 feet in wells in Goliad County, 
Texas, and beds carrying a Chipola (lower Miocene) fauna were pene- 
trated at depths of 4,325 to 4,500 feet in a well near Brownsville, Texas. 
These well records, although incomplete, show that a thick mass of 
sediments make up both the lower and older and the upper and younger 
parts of the Coastal Plain deposits, and although the thickness of the 
various formations varies greatly from place to place, the maximum 
thickness of the section doubtless exceeds 15,000 feet, and some geol- 
ogists who have critically studied all the formations in the Gulf Coastal 
Plain estimate that if the known thicknesses are maintained seaward the 
maximum must reach 25,000 feet. A thickness of 25,000 feet at the 
large end of a wedge of sediments may seem great, but when viewed in 
its true proportions the wedge diminishes to a relatively minor feature. 
If a graphic section of the sediments of the Coastal Plain is drawn, with- 
out vertical exaggeration, from the head of the Mississippi embayment, 
in southern Illinois, to the Gulf of Mexico at the mouth of Mississippi 
River, to such a scale that the length of the 575-mile section is 10 feet, 
then, on the assumption that the maximum thickness of the sediments 
is 25,000 feet, the large end of the section is only 1 inch high. A similar 
section drawn to the same scale across the Texas Coastal Plain at its nar- 
rowest part, in the valley of Guadalupe River, where the plain is 135 
miles wide, would be about 2 feet 4 inches long and 1 inch high at the 
coastal end. This section would represent a proportionately thicker cov- 
ering of sediments, which, however, would still be relatively thin. Ona 
section drawn to a scale of one to one million, a wedge of sediments 
25,000 feet thick at its thick end would be only about 0.3 of an inch thick. 
We may therefore picture the deposits of the Gulf Coastal Plain as a 
mere veneer of sediments of Cretaceous, Tertiary, and Quaternary age 
on a basement of more or less folded, eroded, and baseleveled pre- 
Paleozoic and Paleozoic rocks. Viewing the deposits in this way, we 
can see how readily any pronounced movement in the basement might 
warp or disrupt the strata composing the thin, shell-like covering. 
Although the strata composing the Coastal Plain have been tilted sea- 
ward, the tilting was relatively slight except in local structures, the dip 
rarely amounting to one degree, generally less than half a degree, and 
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at many places less than a quarter of a degree. Slight as the dip is, 
the tilting did not take place all at once, but from time to time. In 
each movement the axis of revolution was probably parallel to the coast, 
away from which the movement was upward and toward which it was 
downward. In general, but with certain exceptions, this axis advanced 
coastward with each successive tilting movement, and in this way forma- 
tions that were laid down in the sea were later raised to different alti- 
tudes above the sea, some reaching a maximum of 1,000 feet or more. 
Decrease of load in the area of denudation and increase of load in the 
area of deposition may have been the primary causes of the tilting, ex- 
cept in the New England area, where the load of Pleistocene ice doubt- 
less helped to submerge the Coastal Plain.’ 


TRANSVERSE WARPING 


In addition to the general tilting, there was broad differential warp- 
ing along axes at right angles to the trend of the Coastal Plain, which 
has produced the lobelike overlapping of younger formations on older 
in the downwarped areas. In these areas the thickness of the accumu- 
lated sediments is relatively greater than that in the upwarped areas, 
where the sediments are not only thinner, but are in part wanting. The 
approximate position of the axes in the principal areas of downwarping 
and upwarping are shown on the map (figure 1). Where transverse 
folding has taken place at different times, the axes have not always been 
in exactly the same places. For example, in the area of downwarping 
in eastern Georgia and southwestern South Carolina the axis of move- 
ment in Eocene time lay approximately along the valley of Savannah 
River, as indicated on the map, whereas the axis of the downwarping 
that affected the same general area in early Miocene time lay farther 
west, approximately in the valley of Altamaha River. The major struc- 
tural flexures in the Coastal Plain are as follows: 

The north end of the Coastal Plain was depressed beneath the sur- 
face of the Atlantic Ocean, probably in part at least by the weight of 
the glacial ice-cap. 

A downwarp affecting the North Atlantic Coastal Plain from Mary- 
land to northern North Carolina resulted in the transgression of the 
upper Miocene sea inland to the inner edge of the Coastal Plain in 
North Carolina and Virginia. 

A broad upwarp in the Cape Fear region of North Carolina in Eocene 
time raised Upper Cretaceous beds to the surface nearly to the coast. 

A downwarp in eastern Georgia and southern South Carolina in 
Eocene time caused the Eocene sea to spread inland and to reach the 
inner edge of the Coastal Plain in Jackson time. 
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Peninsular Florida was slightly upwarped in post-Eocene time along 
an axis trending north-northwest. 

Chattahoochee River, on the Georgia-Alabama line, flows southward on 
a broad upwarp whose axis trends nearly north and south. This move- 
ment occurred late in Tertiary or early in Quaternary time. The Chat- 
tahoochee and Florida upwarps are separated by a shallow syncline that 
plunges gently toward the southwest. 

The Mississippi embayment is a broad, shallow, downwarped sedi- 
ment-filled basin that plunges gently toward the Gulf. The formation 
of this basin began in early Upper Cretaceous time. 

The Sabine Uplift and the Monroe Uplift (including the Richland 
gas field) of northern Louisiana together form a broadly uplifted area 
partly divided by a shallow syncline. The axis of each uplift trends 
northwest-southeast. The history of this uplifted area begins far back in 
geologic time, but upward movéments occurred in both the Cretaceous and 
the Tertiary periods. The Sabine Uplift was an island for a while at the 
end of Lower Cretaceous time, and the Monroe Uplift was certainly an 
island during much of Upper Cretaceous time. The Sabine Uplift was 
affected by upward movements as late as post-Claiborne time. 

Mr. Donald C. Barton has called my attention to a buried anticline, 
which is only slightly manifest at the surface, in Iberia and Saint Mary 
parishes, southeastern Louisiana, the axis of which trends northwest- 
southeast and appears to be in line with the axis of the Sabine Uplift. 
He reports that Miocene strata are found abnormally high in wells on 
this anticline. It remains to be discovered, however, whether this fea- 
ture is actually a continuation of the Sabine Uplift or is a separate and 
unrelated structure. 

The East Texas embayment is a broad, shallow downwarp, with an 
axis trending northwest-southeast, movement on which began in early 
Upper Cretaceous time. A branch of this downwarp lies northwest of 
the Sabine Uplift, with an axis trending to the northeast. 

The Llano Uplift, which lies just northwest of the Coastal Plain, has 
had a long and complex history dating back to Paleozoic time, but the 
latest pronounced uplift in that general area occurred as late as early 
Pliocene time, as shown by the scarps of the Balcones fault zone, many 
of which are still well preserved topographic features. The axis prob- 
ably trends northwest-southeast. 

The Rio Grande embayment is another broadly downwarped area, 
with an axis trending northwest-southeast, which began to sink in early 
Upper Cretaceous time. 
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FAULTING AND LESSER FOLDING 


The Coastal Plain has been affected not only by general tilting and 
broad transverse warping, but by lesser folding and by faulting. The 
faults differ in size and in displacement, ranging from short ones of 
small throw to breaks that are many miles long and that have displace- 
ments of several hundred feet. In the Atlantic Coastal Plain faults 
are rare as far south as Georgia, and the few that are known are of 
small throw. However, larger faults may be concealed beneath some of 
the younger overlapping formations. The Charleston earthquake may 
have been caused by a movement along an active fault in the under- 
lying basement rocks, and, if so, the faulting involved the overlying 
sediments. Charleston is on the north limb of an area of broad down- 
warping. Local folding is rare in the Atlantic Coastal Plain. 

In Alabama there are many faults in a bed of chalk near the top of 
the Cretaceous system and in the basal Eocene formation. Most of 
them are small, but vertical displacements of as much as 300 feet have 
been reported in Wilcox County. The Jackson fault in Clarke County, 
which modifies the east end of the Hatchetigbee anticline, is over 
15 miles long from north to south and shows a maximum throw of 
450 feet. The Hatchetigbee anticline is the only large, well formed 
anticline known east of the Mississippi in the Coastal Plain. It trends 
northwest-southeast in western Alabama, about midway of the Coastal 
Plain from north to south, is 50 miles long by 20 miles wide, and the 
beds involved in the folding were uplifted to a maximum of 600 or 
700 feet above their normal positions. Some folding of the anticlinal 
nose and terrace types has been described in the vicinity of Jackson and 
Vicksburg, in Mississippi, and minor faulting and some reversals of dip 
have been observed. The New Madrid earthquake of 1811, in the north- 
ern part of the Mississippi embayment, is believed to have been due to 
faulting in the underlying basement rocks, and it is reasonable to sup- 
pose that these movements caused breaks and displacements in the over- 
lying sediments. 

In the western part of the Gulf Coastal Plain the evidence of former 
crustal movements becomes more pronounced. Recent detailed studies by 
geologists in connection with the development of petroleum resources 
have brought to light a multitude of faults, both small and large, in 
southwestern Arkansas, northern Louisiana, and Texas, especially in the 
Upper Cretaceous and Lower Tertiary formations. The Balcones fault 
zone in Texas, which extends at least from the central part of William- 
son County southwestward to San Antonio and westward to Uvalde 
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County, and which presents well preserved fault-scarps, has long been 
known. The faults are normal, the downthrow is generally on the 
coastward side, and the larger vertical displacements range from 500 
to 1,000 feet. The latest pronounced movements in this zone probably 
occurred early in Pliocene time. 

There is another zone of faulting in Texas, the existence of which was 
scarcely suspected until a few years ago. This zone, known as the Mexia- 
Powell fault zone, is long and narrow and parallels the Balcones fault 
zone, at a distance of 10 to 15 miles, from Uvalde County, south of 
Uvalde, to Travis County, east of Austin. North of Travis County no 
large faults have been discovered along the trend of the zone in William- 
son and Milam counties, but from Falls County northward the zone is 
continued in many pronounced faults. In northeastern Texas the zone 
bends eastward and has been recognized as far east as Titus County. 
The zone is almost coextensive with the outcrop of the Midway or basal 
formation of the Eocene, but it involves also the strata of the underlying 
Cretaceous and the overlying Wilcox divisions. In contrast to the 
Balcones faults, the faults in this zone are, with rare exceptions, scarcely 
discernible at the surface, for erosion has obliterated the fault-scarps, 
a fact which would seem to indicate that this zone is older than the 
Balcones zone. Although several of the faults of this zone had previ- 
ously been recognized, the zone remained practically unknown until one 
of the faults, discovered in drilling the Mexia oil field, was found to 
provide the conditions essential for the accumulation of oil. An inten- 
sive search for similar faulted structures followed and resulted in the 
discovery of the zone. 

The criteria used in recognizing and tracing the faults are numerous. 
The Cretaceous contact is nearly everywhere marked by a thin phosphatic 
conglomerate that lies at the base of the Midway formation and that 
contains phosphatic nodules, phosphatic casts of reworked Cretaceous 
mollusks, shark teeth, bones, and other organisms, which could be found 
in the soil in fields and in road ditches, as well as in a few outcrops. 
Zones of concretions in the Midway formation having certain distin- 
guishing characteristics could be traced through the fields, and in places 
these zones were found to trend in a curved course convex to the trend 
of a fault and to terminate at each end at the surface trace of the fault. 
Both the larger and the microscopic fossils were helpful criteria, for 
faunal zones could be recognized in the Midway formation, and in places 
the latter, with characteristic fossils, was found faulted down against 
the Navarro formation, which also carries characteristic fossils. At many 
places vein calcite occurs along the fault-planes, and the faults could be 
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traced by tabular fragments of slickensided calcite in the soil. At a few 
places the faults are exposed in bluffs along streams and in artificial 
excavations. 

The faults in the Mexia-Powell fault zone are of various lengths, the 
longest measuring 25 miles or more, and the displacements range from 
a few feet to over 600 feet. In general the faults are arranged en 
échelon along the zone of faulting, though the trend of most of them 
makes only a small angle with the trend of the zone. Some of the 
faults lie almost parallel to each other for long distances. Most of the 
faults are downthrown to the west or northwest, but some are down- 
thrown to the east or southeast and several pairs of faults form definite 
grabens. Commercial quantities of oil have been found on the upthrown 
side of seven or eight of the faults whose downthrow is to the west. 
The Mexia, Powell, Wortham, and Luling fields are the most notable 
examples. 

The faults of the Texas Coastal Plain are by no means confined to 
the two main zones of faulting just described, for many other faults, 
whose systematic arrangement has not yet been determined, have been 
recognized elsewhere. Minor faults are, numerous in the area west of 
the Mexia-Powell fault zone and between that zone and the Balcones. 
fault zone. In addition to the faults, there are several well defined anti- 
clinal folds, most of them along or near the inner margin of the Coastal 
Plain, such as the Preston anticline, the Leonard-Celeste anticlinal nose, 
the San Antonio monoclinal nose, and the Culebra monoclinal nose. 
Most of these folds are probably due to structural movements in the 
underlying basement recks. 


CAUSES OF THE DEFORMATION 


If the transverse warping shown in figure 1 resulted from isostasy, the 
assumption is necessary that along the coast adjacent to each of the 
downwarped areas there are »ausually thick, deeply buried sediments, 
which initiated the downsinking. Although well records show greater 
thicknesses of sediments in these areas, most of the beds within the reach 
of the drill have been deposited subsequent to the initial downwarping, 
and it is difficult to conceive of still older and deeper masses of sedi- 
ments relatively heavy enough to start the downward movements. A 
more reasonable explanation would seem to be that the folding resulted 
from deep-seated movements in the basement rocks, which occurred inde- 
pendently of the effect of any relatively light overlying masses of sedi- 
ment, and that the greater accumulation of sediments in the troughs 
was incidental to the downwarping. 
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The fact that the faults in the Gulf Coastal Plain are prevailingly nor- 
mal indicates that they were prdduced by tensional stresses. Most of 
the fault zones are approximately parallel to the perimeter of the Gulf 
of Mexico, and many geologists therefore believe that the stresses were 
produced mainly by downsinking caused by the increasingly great weight 
of the sediments that accumulated in the basin during Cretaceous and 
Tertiary time. The cause of the faulting has recently been considered 
by Mr. L. L. Foley,? who describes certain experiments performed on 
paraffin-coated rubber sheets and compares their results with the fault- 
ing in the Texas Coastal Plain. He concludes: 

“The Balcones and Mexia faulting was due to tensional stresses caused by 
subsidence in the Gulf Coastal region. These stresses were modified by the 
support of the Llano positive element, causing the fault zones to curve around 
the southeastern side of the Llano uplift. The Balcones and Mexia fault 
zones, if continuous to the north, may be expected to swing east and pass 
south of the Ouachita uplift.” 

H. M. Robinson® is of the opinion that the faults in both the Balcones 
and the Mexia-Powell zones were produced by movements along zones of 
older buried faults in the basement rocks. This view, so far as it relates 
to the Mexia-Powell zone, leaves out of consideration the remarkable 
parallelism of the zone to the belt of outcrop of the Midway formation. 

Although the trend of the Mexia-Powell zone strongly suggests that 
the faulting was due to overloading and downsinking of the underlying 
rocks in the Gulf Coastal Plain, a section plotted to natural scale at right 
angles to the trend of the zone shows that the flexure at the zone of 
faulting must have been very slight if measured in degrees, and perhaps 
justifies doubt as to the adequacy of tensional stresses produced in this 
way to overcome the elasticity of the rocks enough to bring them to the 
breaking point. The tenability of the hypothesis that overloading ac- 
counts for the faulting should therefore be critically considered, and 
the possibility should be kept in mind that the parallelism of the fault 
zone to the strike of the Midway formation may be only a coincidence, 
or that the deposition of the Midway formation may have been deter- 
mined by a positive movement in the deep-seated basement rocks of the 
region, and that the present surface expression of the fault zone was 
caused by later movements in the same deep-seated rocks. 

In any inquiry as to the origin of the tensional stresses that caused 





2Lyndon L. Foley: Mechanics of the Balcones and Maxia folding. Bull. Am. Assoc. 
Pet. Geologists, vol. 10, no, 12, 1926, pp. 1261-1269. 

3F. Julius Fohs and H. M. Robinson: Structural and stratigraphic data of northeast 
Texas petroleum area. Econ. Geol., vol. 18, no. 8, 1923, pp. 724-727. 
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the faulting in the Balcones zones, the fact that the faults in the Mexia- 
Powell zone were produced earlier than those in the Balcones fault zone 
is significant. The Balcones zone begins in Uvalde County and can be 
traced from there eastward and northeastward in a curve around the 
Llano Uplift to Williamson County, and perhaps farther north. It has 
not been definitely traced to and beyond Rockwall County, as has been 
indicated on some early maps, and it probably does not exist opposite the 
Ouachita Uplift. This zone therefore has a definite, almost cbvious rela- 
tionship to the Llano positive element, a term that may be used in a 
broad sense to include the Edwards Plateau. The tensional stresses that 
produced the geologically younger faults of the Balcones fault zone may 
therefore have been caused by a positive upward movement in the region 
of the Llano Uplift, which involved the older basement rocks as well as 
the Cretaceous beds. The Edwards Plateau is comparable in kind though 
not in degree of uplift to the much larger positive element in Mexico, 
which includes the Sierra Madre Oriental and the Mesa Central. 

The minor faults in the Cretaceous beds were probably produced in 
part by tensional stresses incidental to the major folding and faulting 
and in part by the gravitational settling of the harder and less plastic - 
strata, such as the Austin chalk, on the more plastic clays and marls; 
such as the Eagle Ford clay and perhaps some parts of the Taylor marl. 


Satt DomMEs 


A fascinating feature of the geology of the Gulf Coastal Plain—fas- 
cinating because of the difficulty of explaining it—is the phenomenon of 
salt domes. In the United States the domes, of which more than seventy 
are known, are distributed in three groups: (1) A large group in south- 
ern Texas and southern Louisiana within 100 miles of the coast, extend- 
ing from Ascension Parish, Louisiana, just east of the Mississippi, west- 
ward and southwestward nearly to the Rio Grande, in Texas; (2) a 
group of seven or eight domes in northeastern Texas, in the axis of the 
syncline west of the Sabine Uplift; and (3) a group of fourteen or fif- 
teen domes on the east flank of the Sabine Uplift, in northwestern 
Louisiana. Several salt domes are known in northern Mexico, and a 
group occurs in the Isthmus of Tehuantepec, in southern Mexico. 

A few of the domes manifest themselves clearly at the surface, but 
many lie completely buried and hidden and can be discovered only by 
borings or by geophysical methods. They consist of great plugs of salt, 
ranging in diameter from a mile to three miles or more, driven, like 
nails in a plank, upward through thousands of feet of sediments, drag- 
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ging with them, or pushing ahead of them, fragments of deeply buried 
formations. In the Palestine dome, in Anderson County, Texas, a 
block of Buda limestone, the uppermost of the Comanche (Cretaceous) 
formations, was raised to the surface from its normal positicn, which is 
more than 5,000 feet below the surface, as shown by the record of a 
well near by. The origin of the salt is still unknown, though most geolo- 
gists believe it was squeezed upward, at places of structural weakness, 
by the weight of surrounding strata, from deeply buried masses of salt of 
Permian or perhaps of Cretaceous (Trinity) age. Wells have been 
drilled to depths of more than a mile into the salt, but no well has com- 
pletely penetrated it. The salt domes are of economic interest not only 
because of the salt itself, but because of the oil, gas, and sulphur found 
associated with the salt and in the sediments surrounding and over- 
lying it. 
STRUCTURE IN MExIco 


The increase in structural complexity that is so noticeable in passing 
westward in the Gulf Coastal Plain becomes much greater beyond the. 
International Boundary, in Mexico. A great zone of faults and folds, 
which is comparable to the Balcones fault zone in its geologic relations, 
extends along the east front of the Mesa Central and the high mountains 
of eastern Mexico, which are 3,000 to 7,000 feet or more above sealevel. 
In this zone, as in the Balcones zone, Upper Cretaceous beds are down- 
thrown on the east against upthrown Lower Cretaceous beds on the 
west. The vertical displacements in the Balcones zone, however, may 
be measured in hundreds of feet, whereas those in the zone in Mexico 
attain to thousands of feet. In the Balcones zone small remnants of 
Upper Cretaceous strata at places on the Edwards Plateau near its 
southeastern margin lie 800 to 1,000 feet above sealevel; but in Mexico, 
notably in the State of San Luis Potosi, great masses of Upper Cretaceous 
strata occur 4,000 feet or more above sealevel. 

A great area of relatively low country that lies east of the higher 
mountains of eastern Mexico is comparable to the Texas Coastal Plain, 
in that it is composed of Cretaceous and Tertiary sedimentary rocks, and 
some of the low-lying country along the coast may rightly be classed 
as part of the Coastal Plain; but, much of this area presents a contrast 
to the Texas Coastal Plain, in that it has been subjected to pronounced. 
folding and faulting and includes many hills and ridges and several 
mountains. Among the mountains are the San Carlos, the Tamaulipas, 
and the Otontepee Mountains. It includes also one long fault-block 
mountain range which in early and middle Eocene time stood well above 
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sealevel, but which later sank far below sealevel and was completely 
buried under some 2,000 feet of later Tertiary sediments. This buried 
range is the great South fields structure, the “Golden Lane,” from 
which prodigious quantities of oil have been recovered. Intrusions of 
igneous rock in the form of dikes and larger masses are also common 


in many parts of this area. 

The several long structural features, such as the Balcones fault zone, 
the long line of faulting in the Mexia-Powell fault zone, the faulted 
eastern front of the central plateau of Mexico, the line of structural 
features that include the San Carlos and Tamaulipas Mountains, and 
the buried structure of the South fields in Mexico, all of which roughly 
parallel the coast, seem definitely related to the great geosynclinal basin 
of the Gulf of Mexico. These fractures and folds are probably due 
in part to overloading and downsinking in this basin; but downsinking 
does not completely explain the faulting. Back of the great fault zones 
in the Edwards Plateau, in the Great Plains, in the Rocky Mountain 
region, and in the Mesa Central great masses of sedimentary rocks, 
formed on the sea-bottom, have not gone down, but have been raised from 
1,100 to 5,000 feet or more above sealevel. 


SUMMARY 


Summarizing the structure, there is in the Atlantic and eastern Gulf 
Coastal Plain a gentle monocline that includes all formations from 
Cretaceous to Recent. In Texas this monocline has been split by the 
Balcones faults, and part of the Cretaceous sediments, chiefly Lower 
Cretaceous, has been raised to form the Edwards Plateau, which stands 
too high to be classed with the Coastal Plain. In Mexico Cretaceous 
sediments, both Lower and Upper, have been raised back of a great 
fault zone to altitudes several times higher than the Edwards Plateau, 
to form part of a great central plateau. In front of this fault zone an 
extensive area of Cretaceous and Tertiary sediments, comparable in 
many ways to those of the Texas Coastal Plain, has been folded, faulted, 
and uplifted into minor mountain masses in a manner such as to ex- 
clude them from the Coastal Plain. 
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INTRODUCTION 


The manner of the ice-withdrawal from the Hudson Valley, and espe- 
cially its aqueous accompaniment, have long been matters of speculation 
and even acrimony (see subjoined bibliography). Highly divergent 
views persist, particularly as to the segment here discussed, yet no one 
has critically tested his theory by reconstructing the ancient geography 
step by step, as undertaken in our figures 1 to 8. The only merit claimed 
for these maps is that they resolve without violence a large number of 
facts that can not be explained satisfactorily under any other hypothesis. 
Their implications are considered in the sequel. 

The original colored maps, exhibited by courtesy of Professor Hyde 
at the Cleveland meeting, were sketched in crayon on the Government 
topographic sheets, the ice-buried areas being first overlaid with plain 
paper to conceal topography and culture before the green conventions 





1Manuscript received by the Secretary of the Society May 14, 1928. 
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representing ice were put on—a method commended to those who desire 
to prepare effective glacial maps on topographic base. The present re- 
drawing of the maps in black and white unfortunately dissipates much 
of their argumentative value, the contours and elevations being an essen- 
tial part of the evidence which time limitations made it impracticable to 
reproduce. The interested reader will consult the Glens Falls, Schuy- 
lerville, Saratoga, and Luzerne quadrangles. Three of these and two to 
south are assembled in the map accompanying Doctor Fairchild’s paper 
(New York State Museum Bulletin 195). Doctor Stoller (16, plate 
12) has combined the adjacent corners of the four sheets. 


DESCRIPTIONS OF THE STAGES 
GENERAL STATEMENT 


Writers are agreed that before the Hudson River found outlet through 
the Palmertown Mountain portal it escaped southward. While the de- 
tails of “Lake Corinth” do not concern the immediate problem, this 
stage supplies an established starting point for our historical analysis. 
All figures given are present elevations, disregarding postglacial uplift. 


LAKE CORINTH (MAP 1) 

The Hudson Valley glacier occupies the east half of the map and 
blocks Lake Corinth at Palmertown Mountain. The lake waters escape 
at the South Corinth col (636 feet above tide), descending the Kaya- 
derosseras Valley to the Milton delta (400 feet) whence they join Iromo- 
hawk waters and still follow restricted passageways southeastward to 
Lake Albany. This delta is already out of water, and before the flood 
ceases becomes intrenched by it down to 370 feet, showing falling base- 
level. From the early West Milton delta stage (430 feet), a clearly sub- 
marginal construction with definite ice-contact front, baselevel has 
dropped 50 feet; yet that this Milton delta was built in part against the 
ice at its maximum growth is shown by the kettles in its north end. More- 
over, the surface of the glacier must rise thence 270 feet (18 feet per 
mile of present slope) to the Hartman terrace (670 feet), which marks 
Lake Corinth level at the ice-dam. It is clear that Lake Albany was 
not above 380 feet at Ballston Spa when this ice-dam finally weakened, 
permitting the first discharge at Palmertown Mountain, and that the 
glacier still extended over the Saratoga region. No part of this delta 
was built freely into open waters nor into waters widely confluent with 
the main body of Lake Albany on the east; but had it so been, the proof 
of contemporary land uplift would be even more convincing, with the ice 
still holding at Palmertown Mountain. 
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This ice-mass is formed by the reunion of four lobes from the Cham- 
plain Valley glacier, splitting around the newly emergent peaks of the 
Pilot Knob range and French and Putnam Mountains. From west to 
east these are the Caldwell and Queensbury sublobes of the Lake George 
lobe and the South Bay and main, or Whitehall, sublobes of the Cham- 
plain lobe. As these coalesce, piedmont fashion, the weak members are 
pinched by the stronger embracing masses. Farther south the ice again 
divides, around a triangulation hill, into a Ballston lobe and a Schuyler- 
ville (east) lobe. The latter, facing the deeper waters of Lake Albany, 
became cliffed and waned the faster, thus robbing the western lobe, which 
stagnated beneath encroaching outwash of the Iromohawk distributaries 
(see Stoller 20, page 44, figure 9). 

The map reveals interesting details of Lake Corinth itself, reserved 
for another publication. 

FRENCH MOUNTAIN DELTA (MAP 2) 


The freshly released waters that swept past Palmertown Mountain, 
momentarily, perhaps, through the notch on its south, but soon and per- 
manently around its northern end, and thence southward between the 
ice-margin and the mountain sides, must rapidly have graded for them- 
selves a channel in the rotting ice-edge—its gradient much less than 


that of the ice and therefore becoming gorgelike in its upper reaches, 
The debouchure of this river was a moving point, as the ice-front re- 
ceded, with no localized delta, though it may have contributed initially 
to the Milton plain (see figure 1). Whatever detritus it brought through 
the Spiers Falls canyon or gathered beyond, it dumped mostly at two 
places on the way: at 420 feet in the Wilton embayment south of Mount 
McGregor and at 460 feet in the reentrant at Moreau Pond south of 
Palmertown Mountain. Swinging a meander vigorously into the glacier 
at the latter point, the stream isolated and buried under its gravels 4 
large ice-block (compare figure 10). 

Much more extensive buried ice-masses underlay the Iromohawk 
sediments accumulating in Lake Malta to the south, as already men- 
tioned. Into this lake the glacial Hudson seems to have discharged tem- 
porarily through Woodlawn Park (390 feet), as mapped. The Malta 
Lake communicated with Lake Albany through the Round Lake and 
other channels, and soon also through the Deans Corners channel (365 
feet; see figure 2), producing the cliffings mapped by Fairchild (17). 
Lake Albany is not over 375 feet and uplift is progressing. Ice-margin 
channels of the Batten Kill southwest of Greenwich, on the east edge of 
our map, confirm this figure. 
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Figure 2.—Glaciers, Waters, Ice-blocks, and Deposits on Glens Falls, Schuylerville, and 
Saratoga Quadrangles at French Mountain Delta Stage 

GF, Glens Falls; LG, Lake George village; SS, Saratoga Springs; B, Ballston Spa. 

Arrows show direction of stream flow. . 
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At north the overflow from the Lake George basin replaces the ice 
through the railway channel (575 feet), with the Bloody Pond kame 
plain accumulating behind, and builds the ice-margin delta (548 feet) 
at French Mountain hamlet (Halfway House). Two miles south a more 
unusual delta mass (525 feet) has its back to the ice and declines 
toward the bounding hills (Luzerne Mountains) like an esker fan, 
Northeastward from it ranges the remarkable chain of the Glen Lake 
kettles, which seem to mark the pinched and overridden toe of the 
shrunken Queensbury ice-lobe (compare figures 3 and 4). All writers 
agree that these deltas are marginal products. 

Lake Corinth has subsided to gravelly river terraces. The seeming 
failure of these to encroach on the Spiers Falls canyon may indicate 
that the latter, lying athwart the glacial flow, was partly clogged by 
till-veneered ice. The Hudson is still a chilly stream heading in the 
remnant of the Schroon glacial lobe above Warrensburg (compare fig- 


ure 1). 


















MOREAU POND TERRACE (MAP 3) 





As in figure 2, not all parts of this map may be strictly contem- 
poraneous, but they can not be far apart in time. The ice-front, no 
longer lobed, has fallen back on Kendrick Hill (compare figure 2), 
freeing the Batten Kill at the east and merging Lake Malta on the 
west with Lake Albany around the hill south of Gates railway station. 
Lake Albany thus truly enters the Saratoga region for the first time, 
with altitude not over 370 feet, but finds it still largely occupied by 










stagnant ice-blocks. 

Deploying unremittingly into the glacier, the Hudson has greatly en- 
larged the alcove at Moreau Pond and more narrowly north along the 
base of Palmertown Mountain. Except for kettle-holes, this terrace is 
continuous for three miles at altitudes declining from 460 feet at north 
to 420 feet at south. The narrow north end is strongly ridged with river 
bars resembling beaches, for which they have been mistaken. The expan- 
sion of the south end, south of Moreau Pond, can not be due wholly to 
meander sweep; underlying high ground is suspected, particularly 
since the Ordovician limestone scarp from Glens Falls should here abut 
against the Mount McGregor fault. It was at first thought that this is 
a delta kame (420 feet) built in standing water, but this is negatived 
by the subordinate Wilton delta (370 feet and lower), two miles south- 
west (see figure 10). All of these structures lie so entirely independent 
of unimpeded land drainage that immediate presence of the ice is indi 
The summit level of open waters laving the glacier front is 
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Figure 3.—Glaciers, glacial Waters, and Deposits on Glens Falls and most of Schuyler. 
ville Quadrangles at Moreau Pond Terrace Stage 
GF, Glens Falls; C, Corinth. 


Laké George village is under water of Caldwell Lake. 
Water in black. 


Arrows show stream flow. For conventions, see figure 2. 
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thus rechecked at 370 or 380 feet at most. Lake Albany is “falling” 
as the ice melts out. The strict confinement within its embayment of the 
Greenwich (380 foot) delta of the Batten Kill, probably incorrectly 
mapped as under instead of out of water, its front lining up with the 
Hudson Valley walls to north and south, confirms the restraining pres- 
ence of the glacier. 

Behind the railway channel (575 feet) ice is giving place to the Cald- 
well Lake over the site of Lake George village, with correlating delta 
(590 feet) up the Warrensburg road. The lower end of the channel now 
trenches its previous delta and spreads its sands widely at 480 feet over 
the buried ice of the Queensbury lobe for four and a half miles south- 
west. Ice-constraint only can account for such distribution of the ma- 
terial of this great “pine barrens” plain. Still more anomalous with 
respect to any land drainage is the Patten’s Mills terrace (500 feet), 
here mapped as an interlobate kame, probably topping a moraine. Open- 
water construction has not been claimed by writers for either of these 
deposits. 

380-FOOT TERRACE (MAP 4) 

With but slight recession, the ice leaves the Batten Kill free to build 
its first open-water delta (350 feet) into “lowering” Lake Albany, 
while Spraguetown Creek makes a small companion one at Middle 
Falls. The lobate semicircular fronts of these deltas afford an instructive 
contrast with all the deposits shown on the previous maps and also with 
that now to be discussed. 

The Hudson, its waters warmer since disappearance of the feeding 
Schroon glacier, has eaten back the ice opposite its debouchment, mak- 
ing room for the more abundant detritus now available to it from be- 
hind the deepening Corinth gorge (figures 2 and 3). Contributions to 
this “380-foot terrace” appear to come also from the north—at least no 
other suitable catchment has been found for the Lake George overflow— 
and from the northwest. The latter (400 to 420 feet), centering ona 
small brook that descends through the 480-foot sand plain, may be 
largely a later subaerial fan, for it is disproportionate to the erosional 
work of the brook; probably it has overspread other deposits and lacks 
thickness. 

Substitute open water for ice in this map, as some writers ask, and 
try to invent reasons for the concave front of this 380-foot terrace of the 
Hudson. On the other hand, there are what seem kettle-interrupted 
fragments of correlating outlet channels southward trenched through or 
around the Moreau Pond kame and terminating in the otherwise mys- 
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terious lobate deposits (380 feet and under) of the main Wilton delta 
east of Mount McGregor. These accord best with a water level at 360 
feet for Lake Albany, which in turn comports with the Batten Kill delta, 

Totally opposed to this we must set the huge “bar” at 425 feet de- 
scribed and mapped by Fairchild (17, page 8) on the isolated hill ten 
miles east. Not having visited this locality, I can only say that the very 
size of this “bar” on a rock hill is itself suspicious, though its contouring 
is indeed strikingly like the drumlin spits of Lake Iroquois’ heavy wave- 
work in western New York. It has no companions down the slope for a 
hundred feet and no brothers on equally exposed summits, such as the 
morainal north end of Kendrick Hill (330 to 530 feet). If gravel, it 
may be an esker, though we here map it as a moraine (kame ?). 

Lake George waters have found a new outlet east of French Mountain 
and dropped to the early stand of the Fort George Lake (430 feet), with 
a pretty delta (440 feet) at north end of Lake George village, west of 
the highway forks. 

GLENS FALLS DELTA (MAP 5) 


Only the Whitehall glacial lobe remains. With its greatly thinned ice 
shrinking rapidly away from the valley walls came the long-deferred 
opportunity for extensive delta-building. The Batten Kill skirts the 


north side of its former delta, now unbared by the “falling” water level 
of Lake Albany, and matures its great Bald Mountain delta (apex at 
310 feet). The Iromohawk waters extend their sand plains (330 feet) 
north, through Wilton township, and on under water past Gurnspring 
(315 feet), eventually to Gansevoort (246 feet) (see figure 10). At 
least, it is difficult to ascribe this great Gansevoort plain to the tiny 
Snook Kill or to wave-rinsing, but it is surely not a “glacial delta of the 
Hudson” (Woodworth, 05a, page 148; Fairchild, 17, page 6) ; its apex 
is southwestward toward Saratoga (see Fairchild’s map), where it rises 
to 330 feet and fronts the Ballston (Mourning Kill and Drummond 
Creek) channels of the Iromohawk. Nevertheless, since these channels 
do not visibly continue northeast across Wilton to the Snook Kill, an 
element of doubt obtrudes. 

No such doubt enshrouds the broad Glens Falls (340 feet) delta of the 
Hudson, whose nearly level surface marks great rapidity of construction, 
but in general small depth of deposit over the subjacent limestones. 
When its margin reached the outer edge of the limestone platform it 
advanced much more slowly and encountered ice in the deeper basin of 
the shales, meantime being lifted out of water by the progressive uplift. 
The river, which had shifted to the lower northern rim, now began to 
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Figure 5.—Glaciers, Waters, and extensive’ Deltas on Glens Falla and most of Schuyler- 
ville Quadrangles during Glens Falls Delta Stage 


GF, Glens Falls; F, Fortsville; G, Gansevoort ; B, Bald Mountain village; S, Schuyler- 
ville; C, Coveville; LG, Lake George village. See figure 2 for conventions. 
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dig in between the delta and the ice-edge, emerging near Fortsville and 
perhaps making the plains there at 300 feet and under. These were 
evanescent phases, but only in this way can we account for the rigid and 
steepened east front of this plain. Suggestions of the river meanders 
on the delta surface at this stage have enabled the reconstruction of its 
probable course. ; 

At north this delta seems to have lost itself in the rather unstable levels 
of a marginal Queensbury Lake (about 350 feet), whose presence is better 
attested by the delta fans of Halfway Creek (360 and 350 feet) on the 
main highway north, and of the Lake George outflow at Round Pond. 
The latter fan (apex 390 feet) is special proof of the ice immanence, in 
the ice-block it buried in its summit and in the alcove it failed to fill 
on its northeast. It could not have been built by the insignificant present 
drainage, whereas it bears a natural relation to the hitherto unnoticed 
channels on north of it. 

These splendid channels east of French Mountain have cols at 393 and 
349 feet respectively. The higher western one was the final spillway of 
the Fort George Lake, but was abandoned for the eastern one on initiation 
of the Bolton Lake (395 feet and downward), still ice-dammed at north 
beyond our map limits. It is shown beyond that this blockade and over- 
flow persisted even after the ice had locally disappeared. 


HUDSON FALLS DELTA (MAP 6) 


The Bald Mountain delta (figure 5) smothered the present gorge of 
the Hudson River at Schuylerville, whose subsequent reexcavation sug- 
gests ice-burial, as shown with query on map. In any case, as the waters 
“lowered,” this delta temporarily forced them over on the Grangerville 
(Coveville) by-pass, where they were joined by the Iromohawk flood 
coming through the Fish Creek passage. Lake Albany needed to drop 
but 40 feet (310 to 270) to confine the outflow to this Coveville channel; 
the northern arm, thus sundered from whatever remained of the main 
lake, became initial Lake Vermont. 

Into this “Coveville Lake Vermont” grew the Hudson Falls (Sandy 
Hill) delta (300 down to 240 feet). Again the rectilinear front, over- 
steepened from Dunham Basin to Fort Edward, marks an ice-contact, 
believed due to a lingering block in the Wood Creek trough, as mapped. 
Up Halfway Creek Valley an arm of the lake was cut in two by the 
Queensbury delta (320 feet front) of the Bolton Lake outlet, now worn 
to bottom on the 349-foot col. Below this delta the wider outlet channel 
with underfit stream does not extend, thus plainly marking the moment 
of extinction of the Bolton Lake by yielding of the ice-dam at Ticon- 
deroga, thirty miles north (see figure 7). 









DESCRIPTIONS OF THE STAGES 913 





VERMONT 


WICK (928. 





SACHA! 





Glaciers, Waters, and Delta on south part of Ticonderoga 


Quadrangle during Hudson Falls Delta Stage 
T, Ticonderoga; W, Wright; O, Orwell, Vermont. 
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Figurn 6.—Glacial Waters and Deposits on Glens Falls Quadrangle during the Hudson 
Falls (Sandy Hill) Delta Stage 


GF, Glens Falls; HF, Hudson Falls; Q, Queensbury; LG, Lake George village. Water 
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These relations are critical in the interpretation of the region. This 
first northward escape of the Lake George overflow around Mount De- 
fiance (Ticonderoga Quadrangle) seems confirmed by a map feature 
indicating a large ice-marginal delta with summit at 390 feet in the 
Champlain Valley a mile west of Wright and three miles south of 
Ticonderoga. This accords with the expected tilt of 214 feet per mile 
for the 31 miles from Queensbury, for the Lake Vermont shoreline, and 
with an ice-front position swinging in convex curve from the moraine at 
Orwell, Vermont, through the 400-foot hills southeast of Chipmans Point 
and back past Wright (see figure 7, map 6A). 

The meandering Hudson has snaked itself into a different pattern, 
whose traces at this level on the Glens Falls plain are not hard to find. 


FORT EDWARD OUTLET (MAP 7) 


Only the south half of this map is given, chiefly to complete the vary- 
ing meander pattern of the Hudson in the area behind the Glens Falls 
limestone barrier, where it swings freely in its own soft deposits. The 
prevailing winds catch the loose sand at a south elbow and heap it into 
dunes southeast across the plain. With land-uplift and the partial 
reopening of the Schuylerv'lle Gorge, Lake Vermont (or by this time 
maybe Lake Saint Lawrence) is being lowered down on the Wood Creek 
Strait past Fort Edward and the companion Durkeetown Strait just 
east, which soon goes dry. Lake Albany has long since vanished—drained 
by uplift. 

The objections raised to the Fort Edward Channel overlook certain 
facts. The present water-parting at Dunham Basin is, to be sure, broad 
and uncut; but so is that on the col at South Corinth (figure 1). Yet 
no one objects to the latter; the control was not there, but in the narrow 
section farther south, near North Greenfield. Land tilt has since shifted 
the divide. Neither was the control at Dunham Basin, but in the eroding, 
constricted section south of Fort Edward, where figure 8 shows how 
the banks are closing in at the map edge. The actual “sill” of lakes 
Vermont and Saint Lawrence was, however, at Fort Ann, northeast of 
our map, where the hard pre-Cambrian granite-gneisses rise high and 
bare on both sides of the narrow pass occupied by present Wood Creek. 
The floor of the open shale valley thence south is aggraded with south 
gradient of some two feet per mile, from about 165 feet at Fort Ann 
village to about 150 feet at the col. Wood Creek, flowing in opposite 
direction, has partially reexcavated the north end. All of these facts 
agree with the presence of a strong current flowing southward through 
this broad channel and down the Hudson. The supposedly puzzling 
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Ficure 9.—Glens Falls topographic Map (Map 8) 


Water blackened. Numbers refer to features explained by maps of corresponding number. 
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Ficure 10.—Northwest Portion of Schuylerville topographic Map 
Showing features about Moreau Pond, Gansevoort, and Wilton 
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reversal of Wood Creek is due to original depth of scour by the confined 
currents at Fort Ann and to fan-building at Dunham Basin by the large 
brook issuing from the Hudson Falls delta. This brook has a delta at 
180 contour with linearly truncated front, proving the strength of the 
flow that swept past it as the water lowered from the stage shown in 
figure 8. 

GLENS FALLS SHEET (MAP 8) 


This map (see figure 9, page 915) shows present topography and 
hydrography. For easy comparison with the previous maps, the water 
bodies are blackened. Numbers placed on the various features indicate 
on which of the preceding maps of corresponding number each finds 
explanation. A map so reduced can not take the place of the actual 
topographic sheet, but merely serves as a.-key to it. 


THEORETICAL CONSIDERATIONS 


The implications of this study are several. Land-uplift clearly accom- 
panied as well as followed ice-removal. The higher features and deposits 
are of ice-marginal, not open water, origin. It was Coveville Lake 
Vermont that followed the waning ice into the Champlain country, and 
at only about the 400-foot contour around Ticonderoga. The supposed 
“Street Road beaches” on the Sawyer Hill moraine, above this level, are 
not those of open waters, if not, indeed, wholly the work of ice-margin 
channels, as at Palmertown Mountain. All phenomena thence north- 
ward, as well as some to the south, must be reviewed in the light of these 
facts—a task not yet possible to the writer. 

But there are at hand certain data that bear investigation. The 
Iromohawk flood left indelible testimony at Mechanicville that the re- 
gion there had risen at least 240 feet during the life of Lake Iroquois, 
since its broad channel bottom, carved on rock, extends down to about 110 
feet present altitude, whereas the delta summit of this flow is 350 feet 
at Schenectady. Something must be added for differential uplift— 
25 feet according to Fairchild’s map (17); so we can safely take at 
least half that. If the Rome outlet was originally 110 feet higher than 
the Schenectady delta and has risen uniformly with it on the same iso- 
base, then final Iroquois was not 290 feet above tide, as claimed,” but 110 
feet plus 240 feet plus differential, say 12 feet, making it at least 362 
feet above sealevel. Since doubtless no portion of the Iroquois beach has 
subsequently subsided, though we may deduct some 20 feet of “eustatic” 
change due to return of water from the ice to the ocean, this is to be 
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checked against the lowest point on the Iroquois beach today, which is 
Hamilton, given at 362 feet. The agreement is so close as to place 
Hamilton on the hinge-line for Iroquois, unless there are complicating 
factors, and it shows that we are close to the maximum possible eleva- 
tion for Iroquois at extinction. But this figure of 362 feet completely 
invalidates all the elaborate reasoning based on the figure of “290 feet.” 
It means that the 740-foot beach at Covey Hill is not marine, but fully 
70 feet above tide at close of Iroquois. It is a Lake Vermont beach. 

Yet this does not mean that the true marine summit beach is to be 
sought 70 feet lower, or at 670 feet, on Covey Hill; for, on the contrary, 
it does mean exactly that it was a long time (all of Lake Saint Lawrence 
time) before tidewater entered this region, and meantime land-uplift had 
been actively in progress. The previous pages have presented the con- 
vincing evidence that uplift was contemporaneous with ice-removal. The 
range of the “Lake Vermont-New York” (Lake Saint Lawrence of 
Spencer) deltas and beaches is over 100 feet, proving that amount of 
differential and possibly a greater amount of actual total uplift during 
the life of that lake. There was, moreover, between Iroquois and Saint 
Lawrence the episode, however brief, of Lake Emmons (“Frontenac”) ; 
so that Saint Lawrence doubtless started not at 70 feet above tide, but at 
somewhat more than that, and closed at still more, bringing the true ma- 
rine summit at that moment down to the present 523-foot beaches, long 
considered as such, on Covey Hill. This explains the long gaps in the 
wave-record above this line. 

Let us turn the argument the other way around. By the time Iroquois 
had risen from 110 to 290 feet at Rome, if Schenectady rose concomi- 
tantly it was then already 180 feet above tide, or 170 feet short of present 
altitude,“and Mechanicville a bit more. But the clay plains below 
Mechanicville now close in on the valley at the 220-foot contour, so that 
they were then fully 40 to 50 feet out of water. This shuts the “Hudson 
marine strait” down to a strip not over a mile wide being eroded in clays 
that were admittedly deposited in deep water; hence formerly continuous 
across the valley floor. On this figure of “290 feet,” then, no open tide- 
level strait united New York Harbor with the Champlain Valley across 
this long interval. But the ice still rested on Covey Hill, since Lroquois 
was just escaping past it there, so that no sea waters entered the Champlain 
Valley from that end either, the Saint Lawrence end. How, then, does 
Lake Vermont become a “marine” body? The marks of the great erod- 
ing flood of its overflow are just as conspicuous down the inner gorge 
of the Hudson from Fort Edward past Albany, in a channel every- 
where five-eighths to three-fourths mile wide, threaded by the present 
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underfit river, as are those of its predecessor, the Iromohawk, from Rome 
to Mechanicville, where the two join, and join in a most significant way. 

But why need Rome and Schenectady rise hand in hand? The 
earth’s crust is not an ironing-board, neither its surface a plane. From 
350 feet below sea, in the Ontario basin, to 5,300 feet above tide, on 
Tahawus (Marcy), means over a mile difference in thickness of ice. The 
vertical readjustments during and after glaciation are believed to be 
almost exclusively isostatic, and as such, Doctor Bowie assures me, they 
would have been highly selective. Rome, lying on the edge of the 
Ontario basin, would have experienced greater proportional rise and, if 
sooner unloaded, would have experienced it earlier. The isobases of 
total uplift should protrude far southward over western New York 
and retreat far north over the Catskill-Adirondack mountain highlands. 

The drawing of straight-line gradients for long north-south stretches 
of beaches neglects not only the earth’s curvature (treating it as an 
ironing-board), but also the non-contemporaneity of the highest beaches, 
due to their consecutive growth during uplift. The highest beach at 
any given point is synchronous with some subordinate beach farther . 
south, where earlier beaches have already lifted. As shown in figure 11, 
illustrating the case of rigid uplift in presence of a waning ice-sheet, the 
“summit plane” must then be markedly convex in respect to sealevel—in 
fact, a circle-are if uniform tilting accompanies uniform withdrawal. 
Curiously, although just such splitting of beaches by contemporaneous 
uplift was long ago described for the Iroquois shore from Rome north- 
ward into the Saint Lawrence Valley, yet the same writer later claimed 
for the absolutely parallel evacuation of the companion area on the east 
of the Adirondacks a stationary stand of the crust to permit a con- 
tinuous beach at “summit level” all the way from New York Harbor to 
the Canadian line. While this view has been modified, its fundamenta] 
tenet of a uniformly tilted “summit level” and its corollary of an open 
marine strait are still urged. On what do they rest? 

For rigid ironing-board tilting substitute a “wave of uplift.” Taylor 
and others have pointed out the progressive northward shift of the 
“hinge lines” (zero isobases) of the glacial Great Lakes, diagrammed in 
figure 12. Figure 13 attempts to combine the asserted uniformly graded 
“summit plane” with the sealevel beaches of a migrating hinge line and 
diminishing tilt, as in figure 12. Unlucky as its number, it shows that, 
even should tilt not decrease, the hinge fails to keep up with the ice, 
while any oscillation or irregularity would spoil the nice straight slope 
of AC. Under most ideal conditions of uniformity, the actual resultant 
is far more likely to resemble figure 14, with convex summit as in 
LX—Butt, Gron. Soc. AM., Vou. 39, 1927 
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figure 11 and involving a very slow residual movement after passing of 
the main wave of rapid recovery. 

There is yet the “peripheral bulge,” figure 15, of uncertain existence 
and behavior. Some opponents are now advocates. Will the bulge pur- 
sue the receding ice-front? Doctor Bowie doubts this; but, should the 
claim prove true, figure 16 shows the resulting partial inversion of 
beaches. No confirmatory field facts have been published; they have 
never been looked for. 

One other discrepancy exists in printed studies of Iroquois and “ma- 
rine” (chiefly Lake Vermont) shores on opposite sides of the Adirondacks, 
The great stretch of heavy Iroquois beaches from Richland to Water- 
town rises 180 feet in 30 miles—6 feet per mile. The contemporaneous 
Vermont beach from Whitehall to Covey Hill is asserted to have uni- 
form “marine summit” slope of about 214 feet per mile. Both water 
bodies are supposed to have been level at the same time. 

Finally, it has been claimed that the total uplift at any point is meas- 
ured by the present altitude of the highest marine bars. This assumes 
that no uplift anywhere occurred until that spot was ice-free. The ice 





FicurE 11.—Diayram of split Beaches 


A vertical profile showing “splitting of beaches” on theory of contemporaneous and 
uniform “rigid plane” uplift. AB is horizontal. 
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FicureE 12.—Diagram of migrating Hinge-line 


A vertical profile illustrating the northward migration of “hinge-line’” (H) and diminish- 
ing tilt of glacial lake beaches. AB is horizontal. 
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FicureE 13.—Diagram of uniformly tilted Summit Plane 


A vertical profile combining an assumed uniformly sloping “summit plane” with the 
effect on sealevel beaches of migrating “hinge-line’ and diminishing tilt. AB, hori- 
zontal. . 
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was over a mile thick in the Ontario basin, for we have its fresh strie on 
the highest pinnacle of the Catskills. Did no responsive recovery occur 
until the last ounce of this load was gone? Alling’s central Adirondack 
glacial lakes were tilted long before the Champlain Valley was re- 
opened. Our study in these pages finds the land always rising as the ice 
leaves it—strong suggestion that it had been so rising for some time 
preceding. Isostatic computations reserved for a later paper confirm 
the belief that the total uplift has been much greater than the elevation 
of the sealevel beaches. 

This theoretical part of the present writing will be criticized as merely 
destructive, refuting but supplying no substitute. Unfortunately, yes; 
we must pull stumps before planting potatoes, and there are other 
papers to follow and other workers to be heard from. Our local studies 
would wither under the fire of current adverse philosophy if we throw no 
cold water on that fire by proving its tenets untenable. The better the 
work we do, the more surely a new crop of ideas will grow on the 
decay of our own, grateful as are we for the inspiration derived from 
those who have gone before. 








FicurRE 14.—Diagram based on a Wave of Uplift 


A vertical profile showing the more probable effect of a “wave of uplift” on sealevel 
beaches, granting some residual uplift. AB is horizontal. 





Figure 15.—Diagram of peripheral Bulge 


A vertical profile through the ice, showing the ice-load deformation of a former horizontal 
plane (then AB) to position AC, with peripheral uplift at P. 





FIGURE 16.—Diagram based on migrating peripheral Bulge 


A vertical profile showing the probable effect on sealevel beaches of recovery (at 
irregular rate) from figure 15 and involving a migrating peripheral bulge. AB is 
horizontal. 
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INTRODUCTION: SouRCES OF INFORMATION 


The Adirondack eskers present a fascinating though neglected field, 
the large features of which have been hitherto overlooked. The accom- 
panying tentative map (figures 1 and 2) is a composite of (1) the 
writer’s reconnaissance notes, (2) “serpent ridges” clearly portrayed on 
the Government topographic sheets, and (3) the scant published men- 
tions listed at end of this paper. Adirondack literature is surprisingly 
silent concerning this remarkable development of eskers, perhaps un- 
rivaled elsewhere. 

INTERPRETATION OF THE Map 


Though fragmentary, the arborescent pattern of the north half of the 
map is suggestive of a full-fledged river system. The trunk stream flows 
southwestward from Clinton County (west of Plattsburg), through the 
central basin of the Saranac lakes, to the north end of Herkimer County, 
terminating obscurely without sand plains. Its apparent meanders and 
frequent ramifications point to stagnancy of the Saranac basin ice-mass. 
(Compare Cook: New York State Museum Bulletin 251, pages 158-176.) 
A one-sided tributary system converges nearly at right angles from the 
Saint Lawrence Valley. Is the whole contemporaneous, or were its parts 
constructed piecemeal ? 

The unique Ingraham esker and the small ones described by Fair- 
child west of our map will emphasize the general absence of these bodies 





* Manuscript received by the Secretary of the Society April 12, 1927. 
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from the axes of the major valleys, Champlain and Saint Lawrence. The 
ice was there cliffed against deep waters. Was its thickness too great 
for subglacial conduits normally to remain open? 

The disparity of the south half of the map is in part because these 
are the older, poorer topographic sheets and the region is less visited, 
while the eskers themselves are smaller; but it is also true that they are 
fewer and more isolated, except the large series from Schroon River to 
Lake George, which is followed for miles by the most traveled portion 
of the International Highway. As regards ice-flow, this is the “down- 
hill” side of the region. Is it safe to assert that this confirms our 
theoretic expectation as to eskers forming best on upgrades? 


DETAILS AND DISTRIBUTION 


In the northwest half of the region the accuracy of the new maps per- 
mits nearly continuous tracing of the larger eskers by the contouring 
alone. The tendency is to follow midlines of valleys, though sometimes 
they crowd to the side walls. If at this point the reader will arm him- 
self with the topographic sheets (of which figure 1 and the text form a 
key), he will find eskers often bisecting lakes and ponds (Childwold, 
Saint Regis, Saranac quadrangles) or stringing them like beads. The 
“marginal crease,” conspicuous in the Ingraham esker, is not rare. Will 
not the transfer of load to the limbs of the ice-arch amply account for it? 

Duplication, even triplication, of eskers (see Tupper Lake Quad- 
rangle) is frequent enough to inquire whether an esker stream may be- 
come “top-heavy” on its gravels and switch to a fresh, parallel conduit. 
The Tripp Lake esker shows (in the field) a tattered ridge beside a 
fresher one. 

The possibility that the streams eroded on downgrades is suggested 
occasionally by the contours, but awaits field checking. Caution is neces- 
sary in interpreting contours; for example, the ridge splitting the 
Ausable Valley below the lakes (Mount Marcy sheet) is a rock “horse” 
between parallel faults. Our map may contain some such errors (Spruce 
Hill esker?). 

In the following list by quadrangles, asterisks (*) indicate my field 
determinations : 

A-9, MaLonE: Malone esker,* from Constable to (?) Titusville (on B-10). 

A-13, Rouses Point: Ingraham esker, Woodworth, 05, pages 13-14, plate 4. 

B-6, CANTON: Beach Plains esker,* Chadwick, 20, pages 50-51. 

B-7, Porspam: Conner Brook esker* and Colton esker,* from Stafford 
Corners to South Colton (Chadwick, ibidem). Alder Meadow esker (?), 
southwest of Parishville. 
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B-8, NICHOLVILLE: Dickinson Center esker, north and east of Saint Regis 
Falls (locally triple) and at intervals up river on B-9. 

B-9, Santa Ciara: Little Salmon esker follows the stream and a chain of 
lakes to Horseshoe Pond.* Zake Florence esker runs south to Clear Pond; 
‘continued beyond Meacham Lake as Osgood River esker (double). Rice 
Lake esker from Cherry Hill converges at McCollom’s. 

B-10, Loon LAKE: Lake Kushaqua esker, from Catamount Pond into c 10. 

B-11, Lyon Mountain: Goldsmith esker, Miller, 26, pages 73, plate Sa. 

C-3, ALEXANDRIA Bay: Saint Lawrence Park esker (Alexandria Bay) and 
Red Lake esker (Indian River), Fairchild, 10, page 155, plate 47; but Cush- 
ing (ibidem) maps the latter as a rock ridge. 

C-7, StarK: Wolf Ridge esker, for three miles in southeast corner. Stark 
eskers, one small and sinuous crossing the highway.* 

C-8, CHILDWOLD: Sevey esker,* double or triple, from Crooked Lake to Mas- 
sawepie Lake. Massawepie esker, past Burnt Island and Gale, chiefly on D-8. 

C-9, SAInT Recis: Forestmere esker* crosses Osgood River esker (see B-9) 
and repeatedly crosses highway; connects (?) with Mountain Pond esker,* 
continuing double to Black Pond to join Saint Regis esker, Alling, 19, page 
130, map 2 and plates 8 and 10. This sweeps around to Lydia Pond esker 
and (?) past Dry Channel Pond to Floodwood esker, and so to Pitchfork 
esker at Wolf Pond. Upper Saranac esker* divides the ponds sonthwest of 
Saranac Inn. 

C-10, Saranac: Paul Smiths esker,* from B-10, double from Onchiota to 
Jones Pond, with a spur crossing Osgood Pond, and Saranac Lake esker,* 
from Cold Brook past Trudeau to near Ames Mill, Alling, 19, pages 129-130, 
map 2. Short eskers on Pope Bay of Lower Saranac Lake and a mile south- 
east of Ray Brook. 

C-11, Lake PLacip: Keene esker (?), Alling, 19a, page 76. 

C-12, AUSABLE: Clintonville esker, Clear Pond esker (?), and Sprucemill 
esker, Alling, 25, page 74, and Alling, 16, page 651. 

D-2, CLAYTON : Clayton Center esker (Lafargeville) and Prospect Park esker, 
Fairchild, 10, page 155, plate 46. 

D-4, ANTWERP: Natural Bridge esker, carrying roadway past Devoice 
Corners. 

D-5, LAKE BonaPaRTE: Harrisville esker,* beside highway, 114 miles south- 
west from Harrisville bridge; ends southward in esker fan. 

D-6, OSwWEGATCHIE: Star Lake esker* (multiple), past Lower Oswegatchie 
and lakes to Tamarack Creek. 

D-7, CRANBERRY LAKE: Five Ponds esker, from The Plains into D-6 (Sand 
Lake). Cranberry Lake esker, up Sixmile Creek past Nicks Pond to Partlow 
Milldam. 

D-8, TupreR LAKE: Bog River esker (multiple) runs into D-7; may continue 
Massawepie esker (C-8), which extends from Massawepie Lake to Hitchins 
Pond. Pleasant Lake esker (?) divides the ponds. South Bay esker may 
connect with Sperry Brook esker* along highway to Little Tupper Lake and 
through latter to Bum Pond esker. Trout Pond esker south of Horseshoe. 

D-9, Lone LAKE: Long Lake esker in fragments from Stony Creek Ponds up 
Raquette River and trail into the lake (see B-9). 
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D-11, Mount Marcy: Johns Brook esker (?), Alling, 16, page 651; not in 
Alling, 21, and not definitely located on map. Spruce Hill esker, Alling, 21, 
page 66, on my suggestion, but may be deceptive; if real, probably over a 
mile long, ascending steeply with road. Chapel Pond esker on edge of D-12, 
Alling, 21, pages 9-10, and 66. 

E-6, NuMBER Four: Tied Lake esker; Number Four esker in Beaver Lake; 
Sunday Reservoir esker; Beaver River esker crossing Beaver River Flow 
into E-7. 

E-9, BLuz Mountain: South Pond esker and Thirty-four esker, Miller, 17, 
page 51; Miller, 17a, page 62. Rock River eskers, one past Pine Lake, other 
past Chain Lakes into E-10. A bit of Long Lake esker* forms island at the 
suspension bridge. 

E-11, Schroon LAKE: Blue Ridge esker down “The Branch.” Schroon Lake 
esker, Miller, 17a, page 62; Miller, 19a, page 88, plate 13 (see next). 

E-12, Parapox LAKE: Schroon River esker,* along highway north and south 
of Schroon Falls; probably joined by preceding under the lake. 

F-5, Port LeypeN: Brantingham Lake esker; Fish Creek esker on north 
of creek and Lyonsdale esker on south of Moose River, both concealed mid- 
way under 1,250-foot sand plain; possibly Miller, 10, page 52, which drew 
my attention to them. 

F-6, McKeever: Otter Lake eskers* numerous and pretty. 

F-7, O_p Force: Canachagala esker double at Stink Lake. 

F-11, NortH CREEK: North Creek esker* along new highway leading north. 
Tripp Lake esker,* from Schroon Lake outlet past Chestertown; “kame (?)” 
of Miller, 14a, page 69. Probable eskers south of Pine and Birch Mountains. 

G-7, Witmurt: Wilmurt eskers north and south of old Wilmurt bridge. 

G-9, LAKE PLEASANT: Wells esker* by new highway north of Wells bridge. 

G-11, LuzerNE: Warrensburg esker* along highway southeast of Schroon 
River. Luzerne esker* fragments at the lake and south along highway to 
Corinth. 

H-11, Saratoca: Cantys Cut esker* northwest of railway underpass. Miss 
Orra Phelps found another fragment 2 miles southwest of Lake Bonita— 
Orras esker. 

LITERATURE 
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LOCATION AND EXTENT OF THE DEPOSITS 


The volcanic ash or dust in the Great Plains region was first recog- 
nized by Wadsworth, who in 1884 described deposits of such material 
that lie between the White and Niobrara rivers.* Four years earlier 
Aughey * erroneously identified similar material as geyserite, and that 
name persisted in the literature for several years and is still used locally 
as one of the many synonyms for volcanic ash. In 1896 Cragin ® de- 
scribed some volcanic ash found in Meade County, Kansas, which he 
named Pearlette ash, on the assumption that it formed a well defined 
stratigraphic unit. Pearlette was the name of a near-by post office, now 
abandoned. Other early papers on these deposits were written by Mer- 
rill® and by Barbour.’ 

Within a few years after the discovery and recognition of volcanic 
ash on the Great Plains it became known that deposits of this material 





1 Manuscript received by the Secretary of the Society March 10, 1928. 

2Introduced by Raymond C. Moore. 

’M. E. Wadsworth: Lithological studies. November, 1884, p. 17. Cited by L. E. 
Hicks in American Geologist, 1888, p. 437. 

*Samuel Aughey: Sketch of physical geography of Nebraska, 1880. 

°F. W. Cragin: Colorado College studies, 1896, p. 54. : 

*G. P. Merrill: Volcanic dust from southwestern Nebraska. Science, vol. 5, p. 335, 
1885. 

*E. H. Barbour: Nebraska pumicite. Nebraska Geol. Survey, vol. 4, pt. 27, 1916. 
Complete bibliography of early papers on pages 400 and 401. 
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occurred over a large area. It is now found in scattered localities in 
Oklahoma, eastern Colorado, western Kansas, Nebraska, and western 
Iowa.* The largest deposits are near the 100th meridian. In Kansas 
deposits of a million tons or more have been discovered in Meade County, 
in the southern part of the State, and in Norton, Phillips, and Jewell 
counties, in the northern part. Large deposits are found in Nebraska, 
in Lincoln, Harlan, and Furnas counties. The thickest deposit known 
to the writer is near Gate, in Beaver County Oklahoma. Here 30 feet 
of pure white ash is exposed in a bluff, and it is claimed that the same 
material has been found by the drill to extend 50 feet below the bottom 
of the exposure, making a total thickness of 80 feet. A number of 
scattered deposits are found in eastern Colorado, most of them near the 
northeast corner. Deposits of volcanic ash are found also in the Rocky 
Mountain belt of Colorado, Wyoming, and Montana, but these deposits 
are not connected with those of the plains. The deposits in Iowa are 
all relatively small. The easternmost deposit in that State is in Des 
Moines, where a one-foot bed of ash is exposed in a cut.® Volcanic ash 
is found near the Black Hills, but this material is considerably older 
than that in Kansas. 

Nowhere in the area here considered can the ash be regarded as a 
stratigraphic unit. It lies in small and completely isolated patches of 
variable thickness and its total quantity is of slight importance. 


AGE OF THE DEPosITS 


Volcanic ash of two distinct ages occurs in Kansas. The younger 
ash is white and unconsolidated and is found over a large area. In 
northern Kansas and Nebraska it lies within and under loess. In Me- 
Pherson County, in central Kansas, it overlies the sand and gravel of 
the McPherson formation, a Pleistocene River deposit. According to 
Haworth,’° a stratum of volcanic ash occurs between clays of the Me- 
Pherson formation. At Des Moines, Iowa, volcanic ash lies beneath 
the Wisconsin till sheet, directly on the Yarmouth-Sangamon-Peorian 
loess. Keyes ™ suggests that it is probably Peorian. However, similar 
ash occurs within the Loveland formation of western Iowa, which Kay 





8 Frank Buttram: Volcanic dust in Oklahoma. Oklahoma Geol. Survey Bulletin 13, 
1914, 

E. H, Barbour: Nebraska pumicite. Loc. cit. 

R. D. George: Informal communication. 

G. F. Kay: Informal communication. 

°C. R. Keyes: Pan-American Geologist, 38, 1922, p. 413. 

2° Erasmus Haworth: University of Kansas Geol. Survey, footnot®, vol. 2, p. 289. 

uc, R. Keyes: Op. cit. 
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now believes to be pre-Iowan.’* The white ash was evidently deposited 
some time between the Kansas and the Iowan stage of glaciation. 

Older and much more compact deposits of ash are found in Norton, 
Decatur, and Rawlins counties, Kansas; in Nebraska, and in both east- 
ern and Rocky Mountain Colorado. In Kansas this ash is called blue 
ash, but its color is more nearly gray. Its age is Tertiary. At several 
places it lies betwen the “mortar beds” of the Ogallala formation, which, 
according to Darton,’* are late Miocene or Pliocene. Pliocene fossils 
have been obtained from deposits of ash in Huerfano County, Colorado.** 
Volcanic ash occurs also in Oligocene formations in Nebraska and South 
Dakota and in Paleozoic formations in Oklahoma.*® 


CHARACTER OF THE MATERIAL 


The average volcanic ash in Kansas contains 72 per cent of silica. 
Samples examined under the microscope consist of about 90 per cent 
of extremely angular fragments of glass and 10 per cent of grains of 
minerals, mainly feldspar (microcline) and quartz. The only discernible 
difference, except in color, between the Tertiary ash and the Pleistocene 
white ash is that the fragments of feldspar in the Tertiary ash are some- 
what kaolinized. The feldspar in the white ash is very fresh. 

The.grains of the volcanic ash in Kansas vary considerably in size. In 
the average sample the greater part of them lie between 100 and 300 
mesh. Some of them pass through a 300-mesh screen, the quantity 
ranging from 114 to 58 per cent. 

In certain places ground-water solutions containing calcium carbonate 
cemented the ash into irregular aggregates, or into spherical, discoidal, 
or cylindrical concretions. In some deposits these aggregates are found 
at the bottom ; in others they are scattered through the mass. 

The deposits vary in area from a few square feet to 160 acres. They 
vary in thickness from a few inches to 20 feet in Kansas, and they reach 
a maximum thickness of 80 feet in Oklahoma. The thickness of the ash 
in a single deposit is extremely irregular. Most deposits are lens-shaped 
and grade laterally into sand or loess. Careful prospecting of some 
deposits by means of extension augers has shown that they contain 
islands of other material that reduce greatly their apparent size. The 
overburden in places reaches a maximum thickness of 20 feet. In 





"George F. Kay: Personal communication. 

%N. H. Barton: U. 8. Geol. Survey Geol. Atlas, Syracuse-Lakin Folio, no. 212, 1920. 
“L. H. Woolsey: U. S. Geol. Survey Bull. 285, 1905, p. 479. 

*C. N. Gould: Informal communication. 
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southern and central Kansas it usually consists of soil containing some 
pebbles of quartz and granite. In northern Kansas the usual overburden 
is loess. 

Except in one deposit, the white ash is strongly cross-bedded, showing 
the structure found in deltaic and wind-blown deposits. The ash appears 
to have been drifted by the wind rather than deposited in water. A bed 
laid down in water shows far more settlement or compaction than is seen 
in these deposits. A cross-section through a snowdrift shows exactly 
the same structure that is exhibited by the usual Pleistocene ash deposit 
in Kansas. The exceptional deposit noted above was found in Hamilton 
County, on the western border of the State. There the ash is compact 
and occurs in slabby layers. It was evidently laid down in water. The 
deposit of Tertiary ash in Norton County is also horizontally bedded and 
compact and may be a water deposit. 


Move or DEPOSITION 


The deposits were formed in two stages. In the first stage the ash 
erupted from a distant volcano settled’ down over the Great Plains, cover- 
ing to a very slight depth parts of Colorado, Oklahoma, Kansas, and 
Nebraska. This primary deposition was similar to that occurring on 
the island of Kodiak during the eruption of Katmai in 1912. After the 
ash was thus deposited the wind worked it over, building up dunes or 
drifts and driving them along until the material was dropped into a 
stream and was dissipated, or until it found secure lodgment on the 
leeward side of a ridge or in some depression, which it may have com- 
pletely filled, thereby diverting the normal drainage. The ash deposits 
found today are those which were best protected from destruction by 
further action of wind and running water. Most of the ash was driven 
into the bottoms of valleys, from which the streams carried it away. 


SourcE OF THE ASH 

Considering the location of the volcano or the group of volcanoes that 
produced the ash, it is important that the volcano or group is appro- 
priately located with respect to the area of deposition, that the volcano 
must have been active during the proper period, and that the eruption 
must have been on a scale large enough to supply a considerable quan- 
tity of material. The origin of the Pleistocene ash alone will be consid- 
ered here, as the data at hand in regard to the Pliocene and earlier ash 
deposits are too scant to warrant their consideration. 

The voleano must have been southwest of Kansas, for the area covered 
by the white ash is fan-shaped the fan converging toward the south- 
west. All the known Pleistocene ash deposits in Oklahoma, Kansas, and 

LXI—BvLu. Gro. Soc. AM., VoL. 39, 1927. 
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Iowa have been plotted on the accompanying map (figure 1). No de- 
posits are shown in Nebraska and but one in Colorado, because in those 
States the Pleistocene ash has not generally been distinguished from the 
Tertiary. The line showing the probale extreme western limit of 
deposition has been placed far enough west to include all the known 
deposits in the Plains of Colorado, regardless of their age. 
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WIND ROSETTE RESIDUALS AND RESULTANT 
KANSAS Witn Scare Dovsusep. 
1923-1927 AVERAGE 


Figure 2.—Wind Rosette 


Another reason for concluding that the ash was derived from the 
southwest is found in the variation in the size of its particles. Except 
in one deposit, the largest percentage of fine ash is found in the deposits 
in the northern counties and in McPherson County, in eastern Kansas. 
A line drawn through these deposits makes a rough are whose center is to 
the southwest. The coarsest ash is found in the subaqueous deposit in 
Hamilton County, already mentioned. Both Barbour’® and Buttram™ 
note a general decrease in size of grain from west to east. Still another 
reason for believing that the ash was brought from the southwest is seen 
in the direction of the wind. The accompanying sketch (figure 2) is 
a wind rosette for the last five years. The southwest wind is most prev- 
alent during five months of the year. Other prevailing winds are the 
northwest and south winds. The wind residuals as plotted from the 





1% Op. cit., p. 385. 
17 Op. cit., p. 49. 
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“rosette in figure 2 show that the net effect of the wind in Kansas would 


be to shift material to the northeast. This conclusion, however, is open 
to objection, for thé presence of ice to the north in Pleistocene time 
may have materially altered the prevailing direction of the wind. 

We might, perhaps, suppose that the variation in the thickness of the 
deposits in a given direction would furnish a clue to the direction from 
which the ash was blown. Immediately after the eruption, no doubt, the 
deposits decreased in thickness from their source outward, but after they 
were reworked this variation must have been largely obliterated, so that 
the thicker deposits of today may have been in deeper depositories rather 
than closer to the source of the ash. Of course, beyond a certain dis- 
tance from the volcano there must have been insufficient material to 
make a very deep deposit, no matter how deep may have been the 
depression in which it was laid down. 

Ash deposited in middle Pleistocene time must have come from a 
voleano which was in eruption during that period. In the interval be- 
tween that time and the present a volcanic cone would suffer but little 
erosion. In New Mexico there are several volcanoes of post-Tertiary 
age.’ In the northeastern part of the State there is a group of cinder 
cones that range in height from 100 to 2,700 feet. The principal vol- 
cano of this group is Mount Capulin, six miles south of Folsom. There 
was also volcanic activity to the west and south at about the same time. 
In northeast-central New Mexico are Ocate and other volcanoes. Lava 
flows and craters are found north of El Paso, in southwest-central New 
Mexico. A number of fairly recent cinder cones occur in western New 
Mexico, as at Salt Lake, in Socorro County. Other volcanoes are much 
farther away, such as those in the San Francisco Mountain region of 
Arizona and farther west and south. 


Move or ORIGIN 


It is not necessary to find a voleano which extruded lava of chemical 
composition similar to that of the ash, for a volcanic glass is usually 
much more siliceous than the associated lava, as has been shown by 


Becker, Diller, and others.*® An ash containing 72 per cent of silica, 
such as the white ash of Kansas, may be erupted from a volcano which 








Robert T. Hill: Notes on the Texas-New Mexican region. Bull. Geol. Soc. Am., 
vol. 3, 1891, p. 99. 

I. C. Russell: Volcanoes of North America, pp. 260-262. 

Willis T. Lee: Extinct volcanoes of northeast New Mexico. American Forestry, vol. 
18, 1912, pp. 357-365. 

# J. S. Diller: Voleanic sand which fell at Unalaska, Alaska, October 20, 1883, and 
some considerations concerning its composition. Science, vol. 3, 1884, pp. 653-654. 

G. F. Becker: Geology of the quicksilver deposits of the Pacific slope. U. S. Geol. 
Survey, Monograph 13, 1888, p. 153. 
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at another stage emitted andesitic or even basaltic lava. In Lake County, 
California, Becker found a volcanic glass containing 75 per cent of 
silica that was related to a basalt containing 57 per cent of silica. 

The final consideration is that the volcanoes must have erupted a 
considerable quantity of material. According to Griggs,”° Katmai threw 
into the air two cubic miles of material. Krakatoa also erupted vast 
quantities of ash. There is no evidence that volcanic explosions com- 
parable with those of Katmai and Krakatoa occurred in the region here 
considered. A volcano may throw out ash without demolishing its cone. 
At Etna, according to Perret,** vortex rings composed almost entirely 
of ash were projected from a crater containing liquid lava. He states 
there was no demolition of the cone itself, yet this crater constantly 
emitted ash-laden vapor. According to Whymper,”* black clouds thrown 
out of Cotopaxi in 1880 covered with ash many hundreds of square miles, 
He witnessed the eruption from an adjoining mountain and noted first a 
few puffs of steam, followed five minutes later by an immense cloud of 
“inky blackness,” which rose 20,000 feet in less than a minute. He does 
not say that this explosion was violent. Mount Colima, on the west 
coast of Mexico, during its eruption in 1903, threw out a column of ash- 
laden vapor about 17 miles high. Iddings,** in describing a quiet type 
of volcanic eruption, writes: 

“The outward rushing flood of quick-expanding lava foam shoots up like 
some giant geyser column of exploding froth. From these roll clouds of 
vapor charged with pumice dust, the so-called smoke.” 

In describing the eruption of Santorini in 1925, Washington ** writes: 

“These pumiceous materials may be attributed to a probably more or less 
sudden boiling up of the lava in the throat of the volcano, accompanied by 
explosions.” 

Further on, describing the cauliflower volcanic columns, he writes: 

“The vapor was highly charged with gray fragmental lapilli, sand, and ash, 
the first two falling over us continuously on the southerly ridge and in our 
boat, while the fine ash was distributed over various parts of Thera.” 

It thus appears that extreme explosive violence is not essential to the 
formation of large quantities of volcanic ash, and a group of unexplosive 
volcanoes may have produced enough ash to cover the area here con- 
sidered to an average depth of a few inches. 





” Robert F. Griggs: The Valley of Ten Thousand Smokes. Nat. Geog. Mag., Febru- 
ary, 1918. 

Frank K. Perret: Am. Jour. of Science, vol. 34, 1912. 

= Quoted by I. C. Russell in “Volcanoes of North America.” 

*% J.C. Iddings: The problem of volcanism. Silliman lectures, 1914, p. 7. 

*H. S. Washington: Bull. Geol. Soc. Am., vol. 37, 1926, p. 354. 
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Keyes has suggested that Mount Capulin and its neighbors in north- 
ern New Mexico may have been the sources of the volcanic ash con- 
sidered here, but he believes that these eruptions were too recent. Yet 
to the writer this group seems to be the most probable source of the 
Pleistocene ash. These volcanoes were in eruption in post-Tertiary time, 
and they lie southwest of the fan-shaped ash-covered area, very near its 
point of convergence. These peaks have been described briefly by several 
writers. Lee says they number a dozen or more. Mount Capulin 














Figure 3.—Capulin Mountain, an extinct Volcano of recent Origin, near Folsom, New 
Mezico. 


View as seen from the tep of a neighboring volcanic peak 5 miles away. The cinder 
cone rises nearly 1,500 feet above the plain. Reprinted from American Forestry 
Magazine, Washington, D. C., by permission of the American Forestry Association. 
rises about 1,500 feet above the plains and has a diameter at the base 
of 1144 miles and a crater 1,500 feet in diameter and 75 to 275 feet deep 
(figure 3). Its base consists of scoriaceous, ropy lava which was ex- 
truded in several flows that were separated by considerable periods of 
time. The youngest lava, which is undecomposed, makes a platform on 
which was built the steep-sided cinder cone that forms the present moun- 
tain. Another recent volcano in this vicinity is Horseshoe Mountain, 
which consists at the surface of scoriaceous cinder. According to Lee, 





* Orestes St. John: Notes on the geology of northeastern New Mexico. U. S. Geol. 
and Geog. Survey Ter., vol. 2, 1876. 

R. T. Hill: Notes on the Texas-New Mexican region. Bull. Geol. Soc. Am., vol. 3, 
1891, p. 99. 

W. T. Lee: Extinct volcanoes of northeast New Mexico. American Forestry, vol. 
18, 1912, pp. 357-365. 
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“The Horseshoe is typical in many ways of the younger volcanic cones of 
northeastern New Mexico. During their early eruptions the lava seemed to 
have flowed out gently, but the last eruptions were mildly explosive. Cinders 
were blown out, but settled close to the crater, building up a conical mound. 
In some cases small bombs were ejected.” 

Hill states that this group of volcanoes extruded vast sheets of lava, 
which covered parts of an area of 1,000 square miles. From 6 to 20 
miles south of Capulin there are several similar craters, and north of it 
there are several smaller ones. 

The eruptive sequence in this region appears to have begun with the 
extrusion of large quantities of basaltic lava. Then came a period of 
quiescence, during which the magma in the lava conduits underwent 
differentiation. Not only did the more basic constituents crystallize and 
sink, leaving an acidic magma at the top, but crystallization started in 
this acidic magma itself, as shown by the presence of feldspar and 
quartz among the particles of ash. This state of quiescence ended with 
an explosion, and the ash-producing stage began. Lee notes the pres- 
ence of remnants of a probable older crater on Capulin. No doubt much 
of the ash thrown out of violently explosive volcanoes is produced by 
the trituration of old cone-forming material, but most of the ash thrown 
out of the voleanoes of the quieter type may be derived from the liquid 
magma itself.2° Acidic magmas are viscous and are highly charged with 
gases. When thrown into the air, such magmas are shattered from within 
by the escape of the gas and minute particles are formed. Perret*’ writes: 

“It is probable each tiny gas vesicle burst from the lava with an explosion, 
which, for its size, is violent, and thus projects and carries off minute particles 
of the exploded shell.” 

Geyser-like activity at the mouths of the Capulin volcanoes would have 
produced ash as long as the acidic gas-charged magma lasted. With the 
coming in of the more basic magma the third stage is begun—the stage 
in which the cinder cone is built. In this stage the lava thrown into 
the air is not torn into minute particles by escaping gases, but larger 
fragments are produced, mostly cinders and a few bombs. These were 
too large to be carried away by the wind and they settied near by, build- 
ing up the cones which are present today. If we can assume that as much 
lava was thrown into the air during the second or ash-forming stage as 
was extruded in making the cinder cones, these volcanoes in northeastern 
New Mexico furnished sufficient material to form the Pleistocene ash 
deposits of the Great Plains. 





* Frank A. Perret: Op. cit. 
“Frank A. Perret: Op. cit. 
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INTRODUCTION 


The occurrence of faceted and striated cobbles and boulders in the drift 
of the northern United States and Canada has been known since the 
earliest geological observations in America, and their glacial origin has 
been recognized from the time of Louis Agassiz, nearly a century ago. 
These scratched boulders, along with various other lithologic charac- 
teristics of the till, have been generally regarded as convincing evidence 
of glaciation. In some instances identification of pre-Pleistocene epochs 
of glaciation has rested largely, if not wholly, on the presence of such 
boulders. In several parts of the United States, however, striated cobbles 
have been found far south of the known limit of any Pleistocene in- 
vasion, in the valleys of streams that head in glaciated territory. The 
abundance of these cobbles shows that during glacial time these streams 
carried enormous loads of coarse debris, and from the large size of 
some of the blocks and the freshness and unaltered character of the 
striated surfaces it has long been suspected that these blocks were at 
least in part transported in floating blocks of ice. 

Perhaps one of the best known of such streams is the Susquehanna. 
Gravel terraces occur at several elevations along the Susquehanna and 
striated cobbles are common constituents of these terraces. McGee, 
Darton, Shattuck, and others recognized that the striated cobbles found 





1 Manuscript received by the Secretary of the Society March 28, 1928. 
(941) 
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near Baltimore and at other points along the Susquehanna were prob- 
ably floated downstream in blocks of ice. Similar cobbles obtained in 
the District of Columbia were explained as having been rafted down 
the Susquehanna in icebergs which lodged near the head of the Potomac 
estuary. 

During the last seven years the area in which striated cobbles occur 
in extraglacial territory has been greatly extended. The data presented 
here were gathered in the course of studies made for the United States 
Geological Survey in 1921, 1922, 1925, and 1926, for the Virginia Geo- 
logical Survey in 1926, and for the United States Engineer Office, Chat- 
tanooga, in 1927. During 1927 the writer was assisted by R. D. 
Ohrenschall and J. J. Wolford, who have contributed part of the ob- 
servations in the Tennessee River basin. 


OcCURRENCE 


The first studies of this problem by the writer were in the Potomac 
River basin. His attention was first directed to it early in 1920, when 
F. E. Matthes, of the United States Geological Survey, found a dis- 
tinctly striated cobble in the Mount Pleasant district of Washington. 
Later, in connection with a study of the terrace gravels of the Potomac 
region, the striated cobbles were found not only above Great Falls an¢ 
in the Piedmont portion of the valley, but also along the whole course 
of the river west of Harpers Ferry and extending several miles up- 
stream from Cumberland, Maryland, at the margin of the Allegheny 
Plateau. Subsequently they were found at a great number of localities 
on the Virginia Coastal Plain and in the James River Valley (see fig- 
ure 1). 

Still more recently they have been found at some twenty or more 
localities in the Tennessee River basin. Thus these cobbles are now 
known in eight of the eleven nonglaciated Eastern States and the pres- 
ent limits are those of knowledge only. It seems quite possible that they 
will be found in South Carolina and Georgia, leaving Florida alone as 
probably wholly lacking such cobbles. It should, of course, be under- 
stood that some of these States yield them only by virtue of their ex- 
tended transport downstream, and that once they are shown to exist in 
the headwater parts of such a stream as the Tennessee, it is of no great 


“genetic significance that they are also found in Alabama, Mississippi, 


and Kentucky. 

The more essential facts of distribution are as follows: 

1. The cobbles occur in and on gravel terraces. Though considerable 
search has been made, they have not yet been shown to be present in 
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modern stream gravels, except where these have clearly been derived 
locally from terrace deposits. 

2. The cobbles have been found in the drainage basins of the Potomac 
and James rivers on the Atlantic slope, and in the basin of the Tennes- 
see on the west slope of the Appalachian Highlands. Though a few 
striated cobbles have been noted in basins of Piedmont streams like the 














Figure 1.—Sketch Map showing Distribution of striated’ Cobbles 








Round dots indicate occurrences. The area of known glaciation is shown in 
diagonal pattern (Wisconsin closely spaced lines, pre-Wisconsin widely spaced lines). 
Localities where high level boulders of igneous and other foreign types of rocks have 
been found are indicated by crosses. Reported by Leverett and others; data furnished 
the present writer by W. C. Alden, United States Geological Survey. 


Rappahannock, Pamunkey, Appomattox, and Nottoway rivers of Vir- 
ginia, it is not quite certain that these may not be the result of a wider 
former extension of the terraces of the Potomac and the James. As a 
practical dictum, it may be said that, if they do occur in the true ter- 
race materials formed by streams heading east of the Blue Ridge, they 
are enormously more rare here than in the terraces of trans-Blue Ridge 
streams. In the Tennessee basin the striated cobbles are most abundant 
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in the terraces of the Holston River northeast of Knoxville. They are 
present, but relatively less abundant, along the French Broad River and 
its tributary, the Nolichucky River. A considerable number, especially 
of large boulders, was found along the Big Pigeon River, tributary to the 
French Broad, and they are very abundant in terraces along the Little 
Tennessee River, which enters the Tennessee at Lenoir City. None have 
been found on the Clinch and Powell rivers, though the writer and his 
colleagues have devoted far more time to the general geology of the 
lower Clinch-Powell area than to any other. The southernmost site of 
origin of such cobbles now known is the headwaters of the Little Tennes- 
see in latitude 3514 degrees north. 

3. On the Atlantic slope the cobbles are found in the several ter 
races—Sunderland, Wicomico, Chowan, Pamlico—which have long been 
considered to be of Pleistocene age. They are missing in the pre-Sunder- 
land terraces (Brandywine and others, “Lafayette”), which have been 
regarded as probably of Pliocene age. In the Tennessee basin there is at 
least one prominent terrace, 50 or 60 feet above the river at Chatta- 
nooga, and probably the same terrace, lying 100 or more feet above the 
Holsten River near Morristown, in which the cobbles are found. No 
attempt has been made as yet to work out a sequence of terraces, though 
such probably exists. It is to be doubted, however, if so well marked and 
complete a series can be established here as on such streams as the 
Potomac, since the Tennessee basin is so much more remote from the 
sea. From such casual observations as have been made, it appears highly 
probable that there is in the Tennessee Valley, just as in that of the 
Potomac, an upper limit to the striated cobbles in the terraces, and that 
in some of the higher and older gravel terraces they are not present. 

4. In places where the terrace gravels form continuous and somewhat 
uniform deposits, it is noticed that the striated blocks and the excessively 
large blocks are not strictly random in distribution, but tend to be in 
groups, especially abundant at certain places and wholly missing at 
near-by points. There are places on the eastern Virginia Coastal Plain 
where the gravels in general contain no pebbles over an inch in diameter, 
where three or four or a dozen or more blocks, ranging to two or three 
feet in diameter, will be found in the space of an acre. 

5. By far the larger part of the cobbles appears to have come from 
headwater parts of the basins in which they occur, the Allegheny Plateau 
in the Potomac basin and the Great Smokies in the Holston, French 
Broad, and other southern tributaries of the Tennessee. 

6. The terrace gravels on both sides of the Appalachians are typi- 
cally poorly sorted; the cobbles of all kinds lie in a matrix of sandy 
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STRIATED BOULDER FROM TERRACE GRAVEL 


The locality from which the boulder was obtained is near Thirty-second and M streets, 
Washington, D. C. This specimen is about a foot long. 
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FIGURE 1.—STRIATED COBBLE FROM SOUTHEAST OF FREDERICKSBURG, VIRGINIA 


Specimen about six inches long. 
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Ficure 2.—StTrRIATep BLOCK FROM TERRACE GRAVEL NORTH OF EAst CAPITOL STREET, i 
WASHINGTON, D. C. 


Specimen about a foot square. 
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loam and are most commonly not in contact with one another. The 
relative abundance of striated cobblesc is variable. There are places where 
a good fraction—perhaps one-fourth or one-third—of all larger cobbles 
show recognizable strie. In other places equally coarse gravel of seem- 
ingly the same origin and relations will be almost devoid of the striated 
cobbles, the proportion being perhaps not over 1/500 or 1/1000. 
Nevertheless, careful search here has in some cases revealed a few very 
distinctly and indisputably* striated fragments. These differences in 
abundance are in part between different localities in the same terrace 
and valley, but are more pronounced between different terraces and 
stream valleys. 


CHARACTER OF THE COBBLES 


Over the entire area referred to in the present paper the striated cob- 
bles are a unit in their lithologic and surface features, as well as the 
mode of their occurrence. The characters described below apply to all 
the streams along which they have been found. 

1. The terrace gravels are highly quartzose, quartzite, vein quartz, 
and chert being practically the only coarse constituents. The cobbles 
carrying strie are among the hardest and most resistant of the generally 
durable materials of the gravels. They are almost wholly quartzite, 
though a very few of vein quartz and chert are known. The most 
abundant quartzites are light buff to brown, but other colors—white, 
yellow, and mottled pink—are found. Probably a number of forma- 
tions are represented. In the Potomac basin a common lithologic type 
showing striations is a dark purple, micaceous quartzitic sandstone 
which commonly shows surface cracks and a tendency to scale off. This 
is probably from one of the Devonian formations west of Hancock, 
Maryland. One very large block of vein quartz was found at an eleva- 
tion of about 200 feet near Twenty-sixth and T streets northwest, in 
Washington, of which the exposed surface, nearly 3 feet square, is com- 
pletely and minutely striated. No source of such a block is known west 
of the Blue Ridge. Emphasis should be placed on the fact that not a 
single cobble of rock demonstrably foreign to the basin in which it 
occurred has been formed; so far as known, there are no “lithologic” 
erratics among the striated fragments. 

2. The sizes of fragments bearing strie range from three inches across 
to boulders 4 or 5 feet in diameter. In some places the striated cobbles 
are of similar sizes to the normal coarse constituents of the gravel, but 
in others they appear as a foreign element, boulders of large size being 





*G. W. Stose: Personal communication. 
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found in gravel deposits having no pebbles over one or two inches in 
diameter. Not all the large boulders are striated, but the similarity of 
their occurrence indicates a similar source. 

3. The shape of the striate cobbles does not differ greatly from those 
in the modern streams. A few might properly be called blocks and show 
only a moderate amount of abrasive modification. These are also found 
in most modern stream gravels. The majority of the cobbles in question 
have the shapes of subangular to subrounded stream cobbles on which 
one or more faces approaching flatness are found. A few true facets, 
developed by strong local abrasion, are found, but these are not abun- 
dant. Slightly concave faces and faces adjacent to joint-bounded pro- 
tuberances are striated in some instances. 

4. The surfaces of nearly all the cobbles showing striz are smooth and 
many have a surface texture approaching a polish. The majority are of 
a smoothness not unpleasant to write on with a steel pen. 

5. The scratches on the cobbles are chiefly on the nearly flat surfaces, 
though occasional short scratches are found on curved surfaces or over 
the edges from the flatter faces. Three principal types of striation pat- 
tern may be distinguished, though individuals grade into ene another. 
The first type consists of a strongly marked system of grooves and 
scratches all extending in the same direction. Some of these are as com- 
pletely marked and fluted as a glacial pavement (plate 26, figure 2). The 
second type is that in which two or three well defined systems of parallel 
strie cross each other or are developed at different places on the same 
face (plate 26, figure 1). In the third type there appear a few irregular, 
short scratches, sometimes curved, which do not fit any precise system, 
though occasionally some of these show a general parallelism (plate 27, 
figure 2). As was stated above, these types intergrade. Probably the 
majority of the cobbles found are transitional between the second and 
third types, though there are some very fine examples of the second type. 

On most of the cobbles identified as striated the scratches are con- 
siderably more faint than those found on cobbles from a late Pleistocene 
drift. Occasionally one is found which is strongly scratched or even 
grooved, but in the main the strie are visible only in strong direct light, 
like sunlight, shining obliquely on the surface. If there is no sunlight 
or strong artificial light, they are best detected by moistening the sur- 
face and holding the cobble so as to produce a mirror effect, in which 
the strie are observed as interruptions in the glistening surface. 

Individual scratches are usually round-bottomed grooves commonly 
0.3 to 1.0 or 2.0 millimeters wide and ranging in depth from .05 to 0.5 
millimeter. In a good oblique light a striation system scored one-tenth 
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STRIATED COBBLES FROM GRAVEL TERRACES 





These cobbles were obtained from gravel terraces along the Holston River between 
Morristown and Surgoinsville, Tennessee. Specimens 1 to 6 are five, four, ten, four, 
four, and seven inches long, respectively. 
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millimeter deep is readily discernible. The lengths of scratches vary 
from a few millimeters to five or ten centimeters. Practically all of 
them are straight and: clearly cut and nearly uniform in width and 
depth from end to end. 

On the basis of extended observation of these striated cobbles and a 
considerable familiarity with true glacial cobbles from recent drifts, the 
writer has failed to discover any noticeable difference betwen the striz 
or shapes of the two types, except that the cobbles in question are per- 
haps less sharply graven and are more generally rounded into the form 
of stream cobbles. Such striz as are shown are almost equally straight 
and parallel, but appear commonly to represent the deeper parts of 
scratches, of which the upper parts and the original tooled surface have 
been somewhat smoothed and modified. On a few the entire surface 
shows a rubbed and tooled character like that of some modern glacial 
blocks, but most of the examples found show distinct scratches cut in a 
surface similar to that of most hard river cobbles. A few readily recog- 
nized chatter-marks have been seen on the striated surfaces. 

However, so far as the writer knows, no careful statistical study has 
ever been made of the cobbles from a modern till to show what propor- 
tion are of the ideal types figured in textbooks and what part of the 
remainder are practically indistinguishable from ordinary river cobbles. 
Gregory * and others have pointed out the rarity of realiy well scratched 
cobbles, and it is certain that such a study would indicate that the larger 
part of most coarse debris in the drift would fall considerably short of 
the kinds we have come to regard as typical. 

Various of the writer’s colleagues in Washington—Alden, Matthes, La 
Forge, Campbell, Stephenson, Stose, and others—have examined some 
of the cobbles at different times and agree in their essential identity with 
true glacial cobbles. On the basis of their form, no one seems as yet 
ready to discriminate the two kinds. 

It is pertinent to mention certain variations in the character of the 
cobbles from place to place. One of the most noticeable is the varia- 
tion in rarity and in the sizes of cobbles in which the strie are found. 
In certain localities on the Potomac and James rivers and the Holston 
River clearly striated cobbles are sufficiently abundant, so that one may 
collect some scores of them in two or three hours’ time. On the other 
hand, they have been found in gravel deposits equally rich in cobbles, 
but which yielded only one or two striated cobbles in several hours’ search. 





*H. E. Gregory: Note on the shape of pebbles. Am. Jour. Science, 4th series. vol. 
39, 1915, pp. 303-304. 
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Where striate cobbles are abundant, fairly small ones can usually be 
found (2 or 3 inches in diameter), but where they are extremely rare 
those that are found are commonly boulders of a foot or more in diam- 
eter. Apparently the smaller cobbles suffer more quickly from subse- 
quent abrasion than do the larger boulders, and it is also probable that 
a larger fraction of the large boulders are ice-transported. 

Different parts of the same terrace appear to show large differences 
in the surface textures of the constituent cobbles, some localities carry- 
ing a large fraction quite too rough for any strie to be preserved and 
others having a good proportion of smooth, hard cobbles. In general 
the cobbles are smoothest where they have come recently out of a clayey 
matrix and roughest in those places where they lie on the surface of 
the ground or come from a somewhat permeable sandy matrix. 


ORIGIN 


In view of the practical identity in appearance between these cobbles 
and those of known glacial origin, the interpretation of the former be- 
comes an increasing challenging problem with the extension of their 
known distribution. If they are found to be of glacial origin, the area 
of known Pleistocene glaciation will be greatly extended, even when we 
recognize that much river transport has taken place; and if they are not 
glacial in origin, there is need for revision of current ideas on striated 
cobbles and for greater caution in their interpretation. 

Three possible modes of origin and transport have been considered, as 
follows, namely, that the cobbles are: 

(a) Result of glacial abrasion in the known glaciated areas and trans- 
ported by ice blocks in streams spilling over low divides into the head- 
waters of southern streams. 

(b) Result of local glaciation in the Appalachian Mountain area and 
ice-block transport. 

(c) Result of a more intense action of river ice-jams than any now 
known and of ice-block transport. 

During the early part of the writer’s study it was suggested to him 
that these boulders might have been derived from Triassic conglomerates, 
and that the strie might be the result of a supposed Triassic glaciation 
in North America.* Since no such materials are known in the Triassic 
of the eastern United States, and since the cobbles are now known far 
beyond the limits of the Newark formation, this interpretation is obvi- 
ously untenable. 


*W. H. Hobbs: Bull. Geol. Soc. Am., vol. 34, 1923, pp. 82-84. 
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The first of the hypotheses listed above (a) was considered in 1921 
and 1922 in an effort to explain the presence of the cobbles in the ter- 
races of the Potomac Valley between Williamsport, Maryland, and the 
head of tidewater. Three northern tributary valleys of the Potomac 
were explained in considerable detail—those of the Monocacy, the 
Conococheague, and Wills Creek. The examination of the Cumberland 
Valley over the Conococheague-Conodoguinet divide was carried over 
to the Susquehanna River at Harrisburg and that of the Wills Creek 
divide was continued down the valley of the Yioghiogheny River to 
within 50 miles of Pittsburgh. 

In none of these places was any gravel found which contained striated 
cobbles, nor was there the slighest evidence that striate material had fol- 
lowed such a route from glacial territory to the Potomac basin. Subse- 
quent discovery of the cobbles in the basin of the James and Tennessee 
rivers has eliminated this hypothesis from consideration. 

There remain the hypotheses of local giaciatior and of river ice-action. 
If valley glaciers existed in any of the higher parts of the southern 
Appalachians duriny any of the Pleistocene epochs, no conclusive evi- 
dence has been discovered. No hanging valleys, cirques, or other distinc- 
tive topographic features which might indicate glaciation have been 
identified ; neither have deposits of till or moraines been found. 

It is too early to assert that these do not exist, but the region is suffi- 
ciently well known to make it improbable that any very extensive glacial 
evidences have been overlooked. Critical studies of the higher summits 
with the use of better topographic maps than any now available will 
throw much light on the Pleistocéne history in this area, but at present 
it is possible only to state that no local glaciation is known and the 
striated cobbles described in this paper, while they are believed to be 
the result of ice-work, are not considered-to be sufficient evidence of true 
glaciation. 

A somewhat more plausible hypothesis is that the cobbles may have 
been striated by the movements of thick river ice in jams and as a result 
of expansion with increase in temperature. Pavements composed of 
cobbles and boulders having their upper surfaces planed and striated 
have been mentioned by a number of observers as occurring in Arctic 
rivers, though, so far as known to the writer, they have not been de- 
scribed at length nor have detailed studies of the process been made. 
Thus Kindle mentions such pavements as occurring in the channel of 
the Mackenzie River. He finds extensive evidence there of the gouging 











*K. M Kindle: Journal of Geology, vol. 26, 1918, pp. 341-360. 
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and plowing action of river ice and cites several rock basins in lime- 
stone as formed by plucking. No detailed descriptions of striated cobbles 
are given, nor was any observation on the transportation of such cobbles 
reported. In a memorandum to the writer on this subject, P. S. Smith 


says: 
“Along many Alaskan streams the phenomenon of ‘boulder pavements’ 
formed by seasonal ice-run is extremely common. . . . Many of the frag- 


ments show scratching and scouring that resemble true glacial strizw, but no 
one, to my knowledge, has examined them minutely to determine the criteria 
by which the two may be discriminated.” 


Dr. Smith also mentions the phenomenon of ‘aufeis” in which much 
pebble and boulder material becomes buried and which is a most power- 
ful agent of erosion, though no striation of cobbles which could be re- 
ferred with assurance to this agent has been observed by him.*® 

Deeply scored material that is widely distributed on the north coast 
of Alaska has been described by Leffingwell,’ who regarded it as derived 
from the Keewatin ice-cap and transported by ice-rafts. P. S. Smith 
has expressed the belief that a part, at least, of this material may be the 
result of scouring by sea ice, which is also known to produce striated 
material.® 

J. B. Mertie states that the abraded and planed pavements under dis- 
cussion are common on the gravel bars of Alaskan rivers, both of large 
streams like the Yukon and of smaller tributary streams. The upper 
surfaces of the cobbles and boulders are occasionly scratched and 
striated and the markings are quite generally recognized as the re- 
sult of river ice-action, probably during the spring break-up. More- 
over, these cobbles and boulders are transported by ice to places away 
from the gravel bars, where they are incorporated in deposits of mud 
or other materials.® 

Recently attention has been called to the existence of boulder pave- 
ments and evidences of a very intense abrasive activity on the part of 
modern rivers in arctic Siberia.2° According to Doctor Tolmachoff, 





¢P. S. Smith: Memorandum dated March 6, 1928, transmitted by W. C. Alden to 
the writer. , 

7E. de K. Leffingwell: The Canning River region, northern Alaska. U. S. Geol. 
Sur. Prof. Paper 109, 1919, pp. 176-177. 

8P. S. Smith: Memorandum previously cited. 

® J. B. Mertie: Memorandum dated March 6, 1928, transmitted by W. C. Alden to the 
writer. 

101. Tolmachoff : The geology of arctic Eurasia, in Problems of Polar Research. Amer. 
Geog. Soc. Special Pub. no. 7, 1928, p. 87; also letter to the writer dated March 16, 
1928. 

I. A. Lopatin: On cobbles and rock outcrops striated and polished with ice on the 
shores of the Yenisei River. Memoirs of the Russian Geographical Society, vol. IV, St. 
Petersburg, 1871 (in Russian). 
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many of the features produced by the action of river ice are essentially 
similar to those due to glaciation, though no specific attempt has been 
made to develop criteria for discriminating the two sets of features. 

It is evident from the testimony of the several observers cited that the 
ice of certain arctic rivers is responsible for a large amount of abrasive 
action involving the boulders of boulder pavements as well as bedrock. 
Beyond the seeming competency or river ice to perform such work, 
little further interpretation can at present be made. 

No information is at hand on the extent to which striated cobbles 
from such pavements or which have been striated while serving as tools 
in the lower layers of the ice are dispersed in the lower courses of such 
rivers or are contained in gravel terraces along such streams. 

Deduction suggests certain differences which might obtain between 
cobbles striated by the action of thick river ice and those formed by true 
glacial action. The former might be expected to have: 

1. More commonly the subrounded form of stream cobbles and less 
frequently be characterized by sharply cut-plane facets. 

2. Less commonly strong, parallel flutings or systems of striations 
and more generally a few somewhat isolated scratches or grooves. 

3. Shorter and more irregular scratches, more commonly curved. 

4. Striations less definitely related to well marked facets. 

The foregoing deductive conclusions are consequent from the less in- 
tense, less continuous, and less prolonged motion to which river ice is 
likely to be subject as compared to the ice either of continental or valley 
glaciers. From the nature of the case, it is probable that no sharp line 
can be drawn between the two types of products. 

Glacial till contains cobbles and rock fragments of various sizes 
which range from those showing several well striated facets to others 
which differ but little, if any, from stream cobbles and are not faceted 
or striated. Considering the coarser debris of glacial deposits at random, 
it appears that the latter are far more abundant than the more ideal 
faceted and striated fragments. This condition is likewise true of the 
coarser constituents of the terrace gravels from which the cobbles in 
question come, since only a small fraction of these are striated. In view 
of the great range of character shown by the terrace cobbles, as well as 
those of glacial deposits, it would be very hazardous to make any general 
statement of differences in shapes or markings in advance of extended 
studies of random samples of each. The only distinction which appears 
to be somewhat constant is that among the cobbles actually showing 
striation in each group a smaller fraction of the terrace gravel cobbles 
has well defined and strongly abraded facets. In these cobbles the stria- 

LXII—Bwtu. Grou. Soc. AM., Vou. 39, 1927 
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tions are more commonly cut on normal parts of the rounded surface, 

Of the two hypotheses, local glaciation and river ice-work, the latter 
seems at present more in accord with available information. It should, 
however, be borne in mind that the case against the hypothesis of local 
glaciation consists merely of lack of any other evidence than striated 
cobbles favoring it, and much detailed work with accurate maps is 
needed in the higher areas of the Southern Appalachians before this 
hypothesis can be discarded. 

The sporadic occurrence of large striated blocks far out on the eastern 
margin of the Atlantic Coastal Plain, where the gravel deposits are 
generally fine grained, together with the occasional presence of blocks 
of fragile rocklike shale, seems clearly to be the result of ice-transport; 
but this interpretation affords no basis for discriminating between the 
two hypotheses mentioned. The gravel terraces in which the cobbles 
occur are the deposits of streams carrying far larger loads of debris 
than are carried by the corresponding streams today and are prob- 
ably the work of overloaded, anastomosing streams, not unlike those 
which flow from the lower ends of active glaciers at the present time. 
The sequence of terraces found on the Atlantic slope in Maryland and 
Virginia indicates recurrence of such conditions of aggradation several 


times during Pleistocene time, and it seems probable that these episodes of 


terrace-building corresponded with the several glacial advances in the 
territory to the north. 

Though there is probably a considerable amount of short-haul ice- 
transport in such streams as the Potomac River at the present time, it 
seems very doubtful if ice-blocks commonly survive long enough to carry 
coarse debris from the mountainous parts of the basins to the coast, 
and the sites of deposition from ice-blocks are probably not such as to 
favor pick-up and transport in successive blocks. The consequent im- 
plication of somewhat more severe ice conditions in the past from the 
apparent effectiveness of transport thus somewhat favors a general cor- 
relation of terrace-building stages with the several glacial stages, but ne 
correlation of specific stages has as yet been established. 


SUMMARY 


The striated cobbles and boulders found in terrace deposits of sup- 
posed Pleistocene age along a number of the principal streams heading in 
the Southern Appalachian highlands are believed to have been striated 
through the action of ice, and to have been largely; if not exclusively, 
carried to their present sites in floating ice-blocks. 
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Evidence at hand, while far from warranting a final conclusion, sug- 
gests the hypothesis of river ice-action as more plausible than that of local 
glaciation. 

Considerable search has failed to reveal conclusive evidence of such 
cobble striation in modern rivers in the latitudes in question, and it is 
likewise believed that no such extensive transportation of heavy blocks 
takes place in the corresponding streams today. 

It is believed most probable that the cobbles were striated and faceted 
by the movements of river ice during several epochs of more severe 
climate corresponding with the several glacial epochs farther north. 
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INTRODUCTION 


The terraces of the lower Connecticut Valley have been a subject of 
intermittent study ever since Dana began to investigate them, at some 
time before 1867, and their association with glacial retreat has been 
recognized since 1898, but no account of their bearing on the late 
Pleistocene history of Connecticut has been published.. Detailed field- 
work during the past year has made possible the interpretation of them 
here presented. In this work the surficial deposits in-the Connecticut 
portion of the valley have been accurately mapped. The Massachusetts 
portion has been visited only in reconnaissance. 

I am greatly indebted to Messrs. Grant T. Wickwire and Wilbur G. 
Foye, who carried on detailed mapping simultaneously with my work 
and furnished valuable data on parts of the New Haven, Meriden, and 
Middletown quadrangles. My thanks are due also to Dr. Ernst Antevs, 
who kindly examined the results of the work and offered cricicism and 
suggestions. Without the cooperation of these persons, the present paper 
would necessarily have been less complete. 


GENERAL SCHEME OF THE TERRACES * 


The great Connecticut Valley in Massachusetts and Connecticut con- 
sists of a series of beds of sandstone, shale, and intercalated sheets of 
trap, which have been faulted, tilted, and eroded by streams and by ice. 
It is a trough elongated north and south, consisting of lowland areas 
developed on the sedimentary rocks and broken by unreduced trap ridges. 
This trough is inclosed sharply and deeply within a maturely dissected 
upland mass of moderate relief, the crystalline oldland of New England. 
It has a maximum width of more than 20 miles and is bordered by ter- 
races of sand, gravel, and clay, which extend from Deep River and 
Hadlyme, on the Connecticut, and from Mount Carmel, on Mill River, 
northward through Connecticut and Massachusetts. The lowest ter- 





2In order that the reader may fully understand the statements and arguments made 
in the following pages, he is urged to make use of the maps of the following topographic 
quadrangles published by the U. S. Geological Survey: Springfield, Winsted, Granby, 
Hartford, Tolland, Waterbury, Meriden, Middletown, New Haven, Guilford, and Say- 
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races are broad, occupy the axial center of the valley, and are trenched 
by Connecticut River. The higher terraces become increasingly narrow 
and decreasingly continuous upstream and occupy only the tributary 
valleys in the crystalline upland ; they are found only in the highest parts 
of the upland valleys, many miles from Connecticut River. The terraces 
are horizontal to the eye, a fact which constitutes the most striking and 
persistent feature of the valley landscape. The greatest recorded varia- 
tion in the elevation of any one terrace over a considerable area is not 
much more than 20 feet. This measurement does not include the recog- 
nized local deltas. The surfaces of the lower terraces are in places chan- 
neled. A comparison of vertical sections of several successive terraces 
at different points along the valley reveals no tendency toward convergence 
or divergence of the benches. 





ao 





Figure 1.—Level Surface of Terrace at 175 Feet 


Looking south from Shakers Station, Connecticut. 


Nearly every terrace is pitted with kettle-holes in some part of its 
area. Sections of the beds of sand and gravel that form the terraces 
show cross-bedding, with foreset beds dominantly toward the south, and 
at many places exhibit pockets of till and striated boulders. Sections 
and borings show that the stratified deposits rest on till-covered bedrock. 

These facts leave no doubt that the terraces are closely associated with 
the waning stage of the last glaciation. Reading from the highest to the 
lowest, the average elevations in feet of the successive distinct terraces 
are as follows: 860, 810, 750, 745, 695, 640, 540, 460, 400, 350 to 360, 
300 to 310, 265, 200 to 220, 160 to 175, 100, 60. All of these terraces 
are well marked. Certain intermediate benches, faint or local, are not 
mentioned here because they add nothing to the scheme of origin, which 
it is the purpose of this paper to show. They will be treated individually 
in a later publication. 
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SUMMARY OF PREVIOUS INVESTIGATIONS * 
GENERAL STATEMENT 


The regularity and horizontality of the surfaces of the terraces, the 
horizontal bedding, the delta foreset beds appearing in sections of each 
terrace, and the banded clays in the lowest terraces leave no doubt as to 
the lacustrine origin of these deposits. The exact mode of lacustrine 
formation must next be considered. Temporary lake terraces may be 
formed in at least three ways: (1) By waves and shore currents, which 
advance on a shoreline, cut it back, and deposit the eroded debris along 
the shore. The resulting form owes its origin to contemporaneous ero- 
- sion and deposition. (2) By the filling up of a lake basin, followed by 








Figure 2.—Kettle-pitted Surface of Terrace at 265 feet 
The locality is near Sadds Mills, Connecticut. 


later stream dissection. The resulting form involves non-contempo- 
raneous deposition and erosion. (3) By deposition from melting ice in 
a basin, partly or entirely filling it. The basin may or may not be caused 
in part by the ice-mass itself, acting as a dam. The resulting form is 
entirely depositional and presents evidence of glacio-lacustrine origin. 

The Connecticut Valley terraces show by their distribution, form, and 
composition that they are of glacio-lacustrine origin. They are deposits 
laid down in temporary lakes formed around great residual masses of 
ice during the last deglaciation of the region. 





‘For an excellent summary of the early work on the terraces, see H. L. Fairchild, 
this journal, vol. 25, 1914, pp. 219-242. Only the briefest mention of this early work 


is made in the present article. 
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WORK OF DANA 


The terraces in the lower part of the valley were first studied critically 
by James D. Dana at some time prior to 1867. He interpreted them 
as the work of a great Pleistocene river, 15 miles wide and 150 feet deep; 
but this interpretation involved so many difficulties and inconsistencies 
that, after lengthy investigations and discussions during a period of 16 
years, he apparently relinquished the problem as unsolved. 


WORK OF EMERSON AND ALDEN 


More than thirty years ago the surface features of the Connecticut 
Valley in Massachusetts were studied in detail by Emerson,® who recog- 
nized the fact that only the lowest terraces were fluvial in origin and 
that all the other benches had been formed in ponded water. He showed 
that the higher terraces, which occupy the valleys of tributary streams, 
were deposited in temporary lakes produced by masses of ice that formed 
dams at the mouths of the streams. He devoted the greater part of his 
attention to the lower terraces, which stand at elevations of from 200 
to 360 feet. He concluded that these terraces represent deposits in great 
confluent glacial lakes that filled the valley from side to side—Hadley 
Lake, north and west of the Holyoke Range, and Springfield Lake, south 
and east of it, two water bodies that were connected through gaps in the 
range. He did not determine the southern limit of this confluent sheet 
of water ; he carried his map and his description only as far as the Massa- 
chusetts State line. 

In a more recent publication, Emerson * summarized the history of 
these lakes and added certain data, but he made no change in his earlier 
conclusions. 

In 1906 and 1907 Alden’ studied a small strip of territory in the 
Ware Quadrangle along the east side of the valley, in southern Massa- 
chusetts. He accepted Emerson’s principal conclusions with respect to 
Hadley and Springfield lakes. 


WORK OF FAIRCHILD 


In 1914 Fairchild * attempted to show that strong postglacial uplift 
of southern New England relative to sealevel was indicated by the ter- 





5B. K. Emerson: U. S. Geol. Surv. Mon. 28, 1898, pp. 508-753; and Holyoke Folio, 
No. 50, 1898. 

*B. K. Emerson: Geology of Massachusetts and Rhode Island. U. S. Geol. Surv. 
Bull. 597, 1917, pp. 141-143. 

7™W. C. Alden: Physical features of Central Massachusetts. U. S. Geol. Surv. Bull. 
760-B, 1925. 

SH. L. Fairchild: Op. cit. 








; 
i 


Ps 


Ah PCR Ye 








960 Rk. F. FLINT—PLEISTOCENE TERRACES OF CONNECTIQUT VALLEY 


races in the Connecticut Valley. He constructed an “uplifted marine 
plane,” determined by the highest discoverable stratified deposits at 
numerous points along the axis of the valley. Fairchild’s evidence in 
Connecticut is as follows: 

1. Two gravel bars at Portland, at elevations of 200 and 220 feet re- 
spectively. 

2. Delta at Westville at an elevation of 160 to 170 feet. 

3. Sand plains in the Naugatuck Valley at Seymour at an elevation 
of 170 feet. 

4. Plains at Manchester at an elevation of 260 feet. 

Detailed mapping throughout the Connecticut Valley in Connecticut 
and in the Naugatuck Valley shows that the four features cited are in no 
way related to one another. Numbers 1 and 4 represent two distinct 
horizontal terraces, each many miles in length, and numbers 2 and 3 
represent local glacio-lacustrine deposits in reentrant valleys, the mouths 
of which were temporarily blocked by ice. 

Late papers * by the same author reiterate his previous view, but the 
additional facts presented are logically explicable without postulating 
marine flooding of the Connecticut Valley. 


WORK OF OTHER INVESTIGATORS 


In criticizing Fairchild’s conclusions both Spencer and Goldthwait *° 
point out that the Connecticut Valley terraces do not conform to the 
valley slope, but descend southward by steps and therefore that they do 
not indicate simple deformation or reeent tilting. Goldthwait further 
stated that the existence of kettle-pitted outwash near Boston at an 
elevation of 30 feet above tide is inharmonious with the theory that a 
tilted marine plane stood high above the present sealevel. Later he 
suggested 7+ that the phenomena in the Connecticut Valley indicated a 
chain of lakes rather than an arm of the sea that was subsequently 
drained by tilting. 

In a report on a study of the clays of the Connecticut Valley, Lough- 
lin '* expressed the opinion that the retreat of the valley ice-lobe was 
irregular and halting and gave rise to frontal deposits that obstructed 
the drainage from the ice and produced temporary lakes in-which exten- 





®*H. L. Fairchild: Postglacial uplift of northeastern America. Bull. Geol. Soc. Am., 
vol. 29, 1918, pp. 187-238. 

Postglacial uplift of New England. Idem. vol. 30, 1919, pp. 597-636. 

” Bull. Geol. Soc. Am., vol. 25, 1914, pp. 64-65. 

J. W. Goldthwait : Geology of New Hampshire. New Hampshire Acad. Sci., Hand- 
book No. 1, Concord, 1925, p. 48, pl. 2. 

2G. F. Loughlin: Clays and clay industries of Connecticut. Connecticut Geol. Surv. 
Bull, 4, 1905, pp. 23-24. 














SUMMARY OF PREVIOUS INVESTIGATIONS 961 


sive deposits were formed. He constructed a map of the lake deposits, 
but made no attempt either to differentiate the terraces or to correlate 
the lakes with those described by Emerson. 

Antevs,'* in 1922, studied the varved clays of the Connecticut Valley 
and concluded that the ice-front of a rather short lobe retreated progres- 
sively northward up the valley, depositing varved clays on the bottom 
of a lake and coarser material near its shore. He did not study the ter- 
races, but followed in a general way the conclusions of Emerson and 
Loughlin with regard to the extent of the lake. 


EssENTIAL CONCEPTION INVOLVED IN THE PRESENT INTERPRETATION 


The principal conclusion reached in the present interpretation of the 
late Pleistocene history of the Connecticut Valley is that the glacial ice 
that occupied it did not retreat with a single distinct front, as has been 
believed, but that it melted into segments along the line of the Holyoke 
Range, so that a great block of ice extending from Mount Holyoke 
southward nearly to Long Island Sound stood separated from the rest 
of the glacier, and slowly melted inward from all sides until it dis- 
appeared. During its existence, however, progressive melting gave rise 
to a series of marginal lakes of successively decreasing level, in each of 
which the waning ice formed one shore and the adjacent valley wall 
formed the other. The deposits laid down in these lakes, which were 
drained and freed from their retainmg walls of ice, have remained as 
conspicuous terraces to the present time. 

Only a brief statement of the more important evidence that sustains 
this interpretation can be given here. The higher terraces, as has 
been said, occur only in the reentrants in the main valley walls formed by 
tributary streams. They show conclusively that they were formed in 
local bodies of water that were dammed at or near the mouths of the 
tributary valleys by the mass of valley ice. Many such deposits have been 
recognized in Massachusetts by Emerson, Alden, and others and have 
been so interpreted by them. The lower terraces, on the other hand, are 
more or less continuous along the lateral margins of the valley and pre- 
sent, in consequence, a wholly different appearance. When they are 
closely examined, however, they show that they have been formed in 
exactly the same manner as the higher terraces—that is, by the coales- 
cence at low levels of the reentrant lakes as the ice-mass dwindled in the 
central part of the valley. The facts supporting this conclusion are as 


follows: 





%Ernst Antevs: Recession of the last ice-sheet in New England. Am. Geog. Soc. 
Research Series No. 11, New York, 1922. 
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1. A terrace that does not terminate in an erosional escarpment ends 
in undisturbed ice-contact slopes or against till or bedrock slopes, the 
heights of which are insufficient to have retained the terrace-forming 
waters unless they were capped by thick ice. In both cases the outer 
fringes of the terrace commonly grade into strongly kettle-pitted sur- 
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Ficurre 3.—IJce-contact Slope associated with the Terrace at 300 Fcet 


The locality is south of Somers, Connecticut. The hummocky topography is well shown. 


faces, on which the tops of the recticulated hummocky divides between 
the kettles stand flush with the level of the continuous terrace. 

2. When the terminaticns of the terraces are plotted on a map of 
the entire valley, it appears at once that the terraces are aligned in two 
straight, narrow rows parallel to the valley walls. In other words, the 
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Ficure 4.—Three Successive Terrace Surfaces Separated by Escarpments 


View taken looking north from near Ellington, Connecticut. 


outer or western fringe of a given terrace on the east side of the valley 
consists of a perfectly aligned series of ice-contact features, and the 
eastern fringe of the terrace at corresponding elevation on the west side 
of the valley consists of a similarly aligned series. In the part of the 
valley that lies within any two such parallel lines there is no trace of 
stratified material at similar or higher jevels. despite abundant oppor- 
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tunity (around the trap ridges) for catchment at such levels if water 
rather than ice had been present. The only inference possible is that 
static ice occupied the-center of the valley during the life of the lake 
in which the terraces were formed and effectively prevented aqueous 
deposition except along the margin of the ice. . 

3. The pairs of aligned ice-contact features in each terrace are closer 
together, and hence nearer the center line of the valley, than in the 
next higher terrace, a fact indicating progressive shrinkage of the ice 
mass (figure 4). 

4. Although the higher continuous terraces extend in parallel pairs 
from points south of Hartford northward beyond the Holyoke Range, 
the lower pairs converge both to the north and the south and coalesce, 
their arrangement thus indicating longitudinal as well as lateral shrink- 

















Figure 5.—Diagrammatic East-West Section across the greater Connecticut Valley 


Showing the ice-mass in five successive positions of shrinkage and the corresponding 
marginal terraces. 


age of the ice-mass. The lowest terrace, formed after the ice had en- 
tirely disappeared, correspondingly fills the remaining axial portion of 
the valley from side to side and is interrupted only by the channel and 
floodplain of Connecticut River. 

5. In each terrace there is a definite relation between elevation and 
composition. The proportion of fine material at each level is greater 
than at the next higher level. Thus the highest terraces are composed 
dominantly of gravel and cobble, but the bulk of the lowest terraces con- 
sists of clay, silt, and sand, gravel being rare or absent. 

6. Certain terraces are definitely associated with spillways, cols, or 
thresholds, represented by notches in the rock walls of the valley. These 
spillways, though now watersheds, have rounded stream-cut rock floors, 
unveneered with deposits, and show signs of having carried considerable 
quantities of water. The areas near the spillways on their near or valley 
sides are filled with terrace deposits essentially up to the level of the 
spillway floors. These deposits disappear abruptly as the spillways are 
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approached, and their structure commonly shows foreset beds inclined 
toward the cols. The gradients of the cols on their far sides (away from 
the valley) are steep, in some places precipitous. They lead gradually 
into valleys floored with outwash in which may be recognized cobbles 
and pebbles of the sandstone and trap of the Connecticut Valley. These 
fragments are wholly foreign to the valleys in which they now occur and 
could have reached their present positions only by coming over the spill- 
ways. Thus sandstone and trap are found in the gravel of Hop River 
as far east as Willimantic, having traveled at least 15 miles after pour- 
ing through the Bolton Notch. 
A list of the definitely correlated spillways follows: 


Elevation Side of valley 
in feet (east or west) Location* 

S60 We a auces Burlington Center (Granby Quadrangle). Local 

820 er Burlington Center. (Local.) 

765 ee One and one-half miles southeast of Crystal Lake 
(Tolland Quadrangle). 

745 ae Two miles southeast of Burlington Center 
(Granby Quadrangle). 

695 er One mile southeast of Terryville (Waterbury 
Quadrangle). 

640 ee Bolton Notch (Tolland Quadrangle). 

540 Seer Ten Curves pass, in Glastonbury (Middletown 
Quadrangle). 

220 ee Bluff Head, in Guilford (Guilford Quadrangle). 
175 eee Head of Cathole Brook, Meriden (Meriden 
Quadrangle). 

100 ae One mile east of Hadlyme (Saybrook Quad- 

rangle). (Local.) 
65 Ws cans Half mile south of Deep River (Saybrook Quad- 
rangle). 


A comparison of this list with the list of successive terrace levels 
already given shows that so far only eleven of the sixteen terraces have 
been correlated with spillways. Spillways that could have controlled 
the remaining five terraces are known and have been located, but their 
relations to the terraces are such that further detailed study outside 
the valley must be completed before positive correlations can be made. 
It is obvious, of course, that the level of the water in each of the lakes 
in the valley must have been controlled by a threshold of hard rock, 
which, unlike a blockade of easily eroded ice and debris, would be com- 
petent to maintain the impounded water at a constant level for con- 





* Local divides which lead back into Connecticut Valley drainage are so indicated. 
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siderable periods of time. As water thus escaping from a lake over a rock 
threshold would be free from all but the finest sediment until the basin 
.of the lake was filled with gravel and sand, the downcutting of the out- 
let would be negligible until the lake basin had been filled. 


CHRONOLOGICAL OUTLINE OF THE LATE PLEISTOCENE HISTORY OF THE 
VALLEY, WITH SPECIAL REFERENCE TO THE DEPOSITION OF SEDI- 
MENT. 

GENERAL STATEMENT 


That the late glacial history of the valley is one of stagnation and 
gradual disappearance of the ice in situ is definitely indicated by the 
continuous series of marginal terraces, none of which shows any sig 
of disturbance by movement of the ice-mass. The facts that each suc- 
cessive terrace has greater linear continuity than the one immediately 
above it, and that the lower terraces are entirely continuous except where 
they are trenched by postglacial streams, indicate that the ice in the val- 
ley gradually separated from the ice on the immediately adjacent up- 
lands, owing to rapid melting on the ridges. The larger upland valleys, 
however, show in miniature the same marginal terrace phenomena that 
is exhibited on a grander scale in the Connecticut Valley. Hence the 
disappearance of the ice over the region as a whole must be conceived of 
as a successive exposure, by ablation, of ridges and divides, with dead ice 
lingering as lobes and detached masses in the valleys. The slower rate 
of melting in the valleys can be attributed to (1) less thorough ex- 
posure to ablation than on the interfluves, and (2) protection by a rela- 
tively greater quantity of surface debris derived from valley walls and 
from concentration of superglacial and englacial drainage. 


gn 


BURLINGTON LAKES 


The disintegration of the upland ice was accompanied by the ponding 
of water at the heads of short valleys tributary to the Connecticut 
while the ice in the main valley still blocked their mouths. In this way 
the headwaters of Burlington Brook, in the western upland, were 
dammed and the basin.so produced was filled with stratified sand and 
gravel to a present elevation of 860 feet.‘* The lake, at this level, was 
small and shortlived. Further local melting freed from ice the south 
slope of the Nepaug Valley and uncovered a rock spillway at an eleva- 
tion of 820 feet, near Burlington Center. This spillway gave outlet to 





“The elevations of all the'terraces have been determined and extensively checked by 
barometer graduated to 10 feet. The determinations were controlled by benchmarks 
recently established by the U. S. Geological Survey. 
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Pequabuck River drainage above Whigville and lowered the lake to its 
own controlling level. The higher lake deposits were cut into and the 
detritus was reworked and spread out, together with new material, in 
a delta terrace at 810 feet. Eastward shrinkage of the ice-margin un- 
covered at 745 feet, a lower spillway 2 miles southeast of Burlington 
Center. The higher col was abandoned and the water sank to a new 
low elevation, controlled by the new spillway, and overflowed into an- 
other tributary of Pequabuck River. The escarpments of the successive 
lake terraces, where not modified by erosion by the later lakes and 
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Ficure 6.—Diagram showing how the Preservation or Destruction of Iee-eontact- Slopes 
is directly affected by the Slope of the underlying Bedrock Surface 
Above: Steeply inclined rock surface and resulting erosional escarpnient. Below: 
Gently inclined rock surface and consequent preservation of the ice-contact slope. Both 
sections are taken from the area about Burlington Center, Connecticut. 


















































streams, are preserved as ice-contact slopes. The preservation of these 
slopes depends largely on the configuration of the underlying bedrock 


(figure 6). 
PEQUABUCK AND CRYSTAL LAKES 


Further shrinkage of the margin of the valley ice permitted the 
waters that had been controlled by the 745-foot spillway to escape south- 
ward, between the ice edge and the rock wall of the valley northeast of 
Whigville. The escaping flood was impounded in the valley reentrant 
at and north of Bristol, forming a lake whose level (approximately 695 
feet) was controlled by two cols about a mile southeast of Terryville. 
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This lake discharged by way of Hancock Brook into Naugatuck River. 
A lower, broader notch a mile south of Pequabuck post office was filled 
with ice and debris during the life of the lake. This is known because 
the notch, although channeled by water through its center, contains un- 
modified gravelly knolls and kettles at levels as low as 630 feet. The 
lake extended from Terryville eastward and northward for 10 miles and 
formed a narrow strait between rock and ice in the valley of Burlington 
Brook, where beds of sand and gravel, partly reworked from the 745- 
foot terrace, were laid down at corresponding levels. Although the de- 
posits formed in this lake reach the elevation of the controlling cols along 
its western shore, they present an undulating surface along its eastern 
shore, as a result partly of irregularities in original deposition and 
partly of later erosion. The surface sinks to 650 feet along one smooth 
slope that shows no drainage lines and rises to more than 700 feet at 
the mouth of a northwestern tributary stream, where a delta was prob- 
ably built. During this time an isolated mass of ice lingered in a tri- 
angular area west of Bristol along the north face of South Mountain, 
where it was protected from melting by its pocketlike position. This 
conclusion is sustained by two facts—(1) no stratified material occurs 
above a well-marked lake terrace at 460 feet along the northern slope of 
South Mountain, and (2) the terrace face west of Bristol is essentially 
an ice-contact slope. 

At about the time the high lakes existed in the valley of Burlington 
Brook the eastern margin of the Connecticut Valley ice-lobe stood along 
the Shenipsit-Crystal Lake depression. Water was ponded in a south- 
eastern tributary to Crystal Lake, in Ellington, and escaped over a well- 
developed spillway at 765 feet into the Skungamaug-Hop River drain- 
age. In the lake thus formed deposits were built up to 750 feet. 

After a relatively short time the eastern margin of the valley lobe of 
the ice shrank westward to a position near a north-south line extending 
through Shenipsit Lake, Soapstone Mountain, and the deep gorge of the 
south branch of Tancanhoosen River. In the broad depression east of 
this line waters were ponded in which beds of sand and gravel were 
built up to an elevation of 700 feet. No well developed sag or col that 
could have served as the outlet of this water has been discovered. It is 
probable that the water here had hydrostatic connection with the Bur- 
lington and Pequabuck marginal waters, and that thus the western spill- 
way controlled the water level on both sides of the valley ice. There is, 
however, no proof of this connection. 


LXIII—BULL. GEOL. soc. AM., VOL. 39, 1927 
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NEPAUG AND BOLTON LAKES 


Further shrinkage of the eastern margin of the mass of valley ice 
freed Bolton Notch, the floor of which, at 640 feet, controlled the level 
of a lake that extended northward through the Shenipsit Lake depres- 
sion. The lake basin was almost completely filled with sand and gravel, 
and the overflow water escaped through Bolton Notch into the drainage 
basin of Thames River. In a reentrant in the east wall of the valley, 
at the south end of Perkins Mountain, near North Somers, there is a 
large remnant of a sand and gravel terrace at 640 feet. The water 
associated with this terrace may have been connected along the edge of 
the ice with the Shenipsit depression or it may have been entirely inde- 
pendent of it. 

While Bolton Notch controlled the marginal drainage to the east the 
western ice-margin had shrunk to the valley of the Farmington at Col- 
linsville, almost wholly clearing the Nepaug Valley and filling it with 
water. In the lake thus formed deposits of sand were built up to an 
elevation of 620 feet. Standing water at the same level also occupied 
the valley of Burlington Brook, reworking the higher terraces at a new 
low level. 

The floor of a gap a mile south of Pequabuck post office stands at 
approximately 620 feet and shows stream channeling. If it was freed 
by this time, it could have afforded a spillway for the water at this 
level, leading to Naugatuck River. No accordant terrace is built up on 
the north side of the gap, although such a terrace may have existed and 
have been destroyed by postglacial erosion. The relation of the gap 
to the lake water is not clear. 


TEN CURVES OUTLET 


As the valley lobe contracted, its eastern margin came to occupy a 
position along a line extending through Rockville and Vernon Center. 
Farther south the ice rested against the west side of Box Mountain and 
against Meshomasic Mountain. There was thus freed from ice a 
new lower outlet through Ten Curves Pass, 5 miles east of South Glaston- 
bury, at an elevation of 540 feet. This outlet led into the drainage of 
Salmon River. The lake controlled by this spillway occupied all of 
Cold Brook Valley, the upper part of Roaring Brook Valley, the area 
immediately east of South Manchester, the Tancanhoosen River gorge, 
the plain southeast of Rockville, and the basin of Shenipsit Lake. The 
ponded area was nearly filled with deposits of sand and gravel. A ter- 
race at about 580 feet in the reentrant near Somers and another at 
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about 540 feet near North Somers were probably laid down in marginal 
waters at about this time. 

The western marginal lake basin was altered somewhat at the same 
time by local retreat of the ice-edge to the valley of Cherry Brook, 
although the water continued to occupy the Farmington Valley north of 
Barkhamsted. Free communication was thus afforded between the 
Nepaug, Burlington Brook, and Pequabuck basins, in which lacustrine 
terraces were built up to a maximum elevation of 540 feet. As there 





Ficure 7.—Section of a typical Lake Filling 


Showing variations in coarseness, irregular stratification, and large erratic. The lo- 
cality is a 540-foot terrace near Ten Curves Pass, Glastonbury, Connecticut. 


existed no ice-free cols low enough to drain these waters, it is again 
suggested that they may have had hydrostatic connection through the 
ice with the Ten Curves outlet. 


MARGINAL TERRACES AT 460 FEET 


Further contraction of the valley ice lowered the level of the marginal 
lake on both sides of the valley to an elevation of somewhat more than 
460 feet. The point at which the water overflowed and escaped is not 
known. Ponded water and small masses of residual ice occupied all the 
reentrants from the valley of Cold Brook, near East Glastonbury, 
northward to Somers. The result was a continuous narrow marginal 
lake having a relatively straight western shore consisting of ice and an 
irregular eastern shore consisting of rock, till, and the drained terraces 
of higher lakes. The deposits formed in this lake commonly have a 
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surface elevation of 450 to 460 feet. The draining of the higher lake, 
the terraces of which stand at 540 to 560 feet, was impeded only at one 
locality—in the upper part of the valley of Roaring Brook, above 
Buckingham. Here the ice, along a mile front between Buckingham 
and East Glastonbury, apparently hindered for a time the escape of the 
water, so that it fell to about 500 feet and remained there long enough to 
cut a cliff in the higher terrace and to rework the material into a new 
terrace at 490 feet. Soon afterward the ponded water fell to about 460 
feet, the level of its next widespread halt. 

On the west side of the valley, meanwhile, the ice retreated from 
Cherry Brook Valley until it stood along the western wall of the greater 
Connecticut Valley, leaving isolated masses near Canton and Canton 
Center and in the Farmington Valley north of Barkhamsted. The mar- 
ginal waters next coalesced and subsided to a new level of about 460 
feet. Standing water occupied the valley of the east branch of Salmon 
Brook above North Granby and was connected southward with water in 
the Farmington Valley north to and beyond New Hartford, in the 
lower part of the Nepaug Valley,’* at the mouth of the valley of Bur- 
lington Brook, and in the Pequabuck Valley, filling this valley from side 
to side, the residual ice having disappeared from the slope south of 
Bristol. The marginal lake did not extend south of Bristol, being re- 
strained by the ice-mass, which rested firmly against the valley wall, 
here smooth, precipitous, and 700 feet high. The marginal lake area 
at and north of Bristol is extensively marked by terraces of sand and 
gravel, which have a uniform surface elevation of about 460 feet. The 
close accordance of the western terraces with those on the east and the 
great longitudinal extent of both series renders credible the hypothesis 
that the two marginal systems were hydrostatically connected through 
or beneath the ice. The spillway that controlled this lake has not been 
located with certainty. 


MARGINAL TERRACES AT 400 FEET: ICE SEGMENTATION ALONG THE 
HOLYOKE RANGE 


The ponded waters on both sides of the valley next dropped to an 
elevation of not much more than 400 feet. On the east side narrow 
terraces of sand and gravel at 400 feet extend almost continuously from 
South Glastonbury northward through Manchester, Vernon, Rockville, 
and Somers. Breaks occur between Ellington and Somers, where the 
ice apparently still rested against the steep valley wall. Alden* 





13 The deposits here have been reinundated by the Nepaug Reservoir. 
1°W. C. Alden: Op. cit., pl. vi. 
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shows a marginal terrace at an elevation of 400 feet in the valley of 
Scantic Brook east of Hampden, Massachusetts. This terrace probably 
represents a northward continuation of the same lake. On the west side 
similar terraces at 400 feet are found chiefly in the valleys of Farming- 
ton River and its lower tributaries. 

Convincing evidence of the conditions at this stage is furnished in the 
Holyoke Range. Remnants of lake terraces at 400 feet remain on the 
south slope of the range east of Mount Holyoke. These remnants indi- 
cate that long-continued melting had separated the valley ice into two 
masses along the axis of the Holyoke Range, impounding waters between 
the mountain mass and the fast-melting ice on its southern slope. The 
ice at this stage evidently still rested firmly against the more sheltered 
north slope, for the highest terrace remnants on that slope belong to a 
lower terrace system than the one at 400 feet. | 

Thus, wherever the configuration of the valley walls was favorable, 
ponded waters bathed the eastern, northern, and western margins of the 
residual ice-mass. The position of the controlling spillway at this stage 
is not certain, but the spillway may have consisted of the abandoned 
channel 1 mile northwest of Bear Hill and 3 miles southeast of Middle- 
town. 


MARGINAL TERRACES AT 360 FEET 


The shrinkage of the ice near Cobalt and Portland opened a new 
outlet, or outlets, which speedily caused the marginal lakes to drop to an 
elevation of somewhat more than 360 feet. The water flowed through a 
gap 1 mile east of Cobalt into the broad valley of Pine Brook. The 
narrow downstream portion of this valley was still occupied by ice, 
and the water was thus forced to flow over another threshold at 370 
feet into the valley of Pocotopaug Brook and so into Salmon River. 
Other gaps at similar elevations, likewise associated with accordant ter- 
races, occur 214 miles southeast of Durham Center and 21 miles west 
of Mount Carmel. Both may have been outlets at this time. In the 
resulting stand of the water to the north, sand and gravel terraces were 
built up to an accordant elevation of 360 feet. Deposits at this level may 
be traced with few interruptions from South Glastonbury to Somers. 
The lake terrace at approximately 360 feet indicated by Alden ** in the 
valleys of Chicopee River and its tributaries east from North Wilbraham, 
Massachusetts, is probably to be correlated here. On the west side of 
the valley terraces at 360 feet extend discontinuously from the Barndoor 
Hills in Granby to the Pequabuck Valley at Bristol. The extensive 





“mW. C. Alden: Loc cit. 
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marginal deposit at 350 to 360 feet, 4 miles southwest of Westfield, 
Massachusetts, indicated by Emerson ** as a high delta, is very likely a 
deposit in water at this stage. The highest terraces on the north slope of 
the Holyoke Range (Mount Norwottock) are at approximately 360 feet 
and should probably be added to the list of deposits in contemporaneous 
waters at the same level. The outlet near Cobalt and a spillway 2% 
miles west of Mount Carmel village, leading to New Haven, are the only 
apparent ways of escape for these waters. This fact strengthens the pos- 
sibility of subglacial communication between the marginal basins. 


MARGINAL TERRACES AT 300 TO 310 FEET 


By the time a lower outlet had been uncovered the segment of ice 
here, now completely detached from the ice-mass north of the Holyoke 
Range, had shrunk notably and was bathed in water on the west, north, 
and east, though the water was here and there interrupted by masses of 
sandstone and till. The western ice-margin stood along the line of 
Farmington River, extending through Granby, Simsbury, and Avon, 
and southward through a point a mile east of Bristol. Isolated masses 
of ice remained in protected places, as in the valley of Roaring Brook 
near Canton and in the vicinity of the Barndoor Hills. Deposits of sand 
and subordinate fine gravel laid down in the water that penetrated these 
fissured masses and the fissured periphery of the main ice segment re- 
main as terraces so thoroughly pitted with kettles that in places they 
consist of a system of reticulated ridges of stratified material, the tops 
of the ridges standing flush with and grading into the adjacent terraces. 
The common elevation reached by terraces at this stage is 300 to 310 
feet. 

On the east side of the valley the ice-margin followed a line running 
west of Somers, Ellington, and the Manchesters, reaching the valley 
wall near South Glastonbury. Discontinuous gravel benches at the same 
elevation occupy reentrant valleys south of Middletown. Terraces at 300 
to 310 feet, with ice-contact slopes and kettles, are well developed be- 
tween this line and the face of the 360-foot bench. The relative abun- 
dance of the ice-contact phenomena associated with this terrace is due to 
the fact that the lake here was broad and shallow, permitting the ice to 
break up and disintegrate simultaneously over a wide area. The higher 
lakes were distinctly narrower and deeper. The spillway has not been 
determined. It may have been Reed Gap, in Beseck Mountains, 34% 
miles west of Durham. 





8B, K. Emerson: Holyoke Folio. 
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The deposits of this stage in Massachusetts are not clearly separated 
by Emerson from those at 240 to 265 feet. Under the caption “Lake 
Shore Beds” he includes terraces at both 300 feet and 265 feet. If the 
distribution of the terraces as mapped by Emerson be interpreted in the 
light of the relations in Connecticut, it would appear that the ice had 
now drawn away from the northern and western slopes of the Holyoke 
Range sufficiently to permit the inflow of water, in which terraces were 
built to a uniform level of 300 to 310 feet. Terraces at the same level 
fringe the south base of the range (east of the river). The total absence 
of terraces at this level against the eastern slope (west of the river) 
strongly suggests that the ice-mass still rested firmly against this part of 
the range. 


TERRACES AT 240 TO 265 FEET 


The terrace system at 300 to 310 feet is rimmed around its inner mar- 
gin by a more extensive system, the marginal elevation of which ranges 
from 240 to 270 feet, but is commonly 265 feet. The terrace is not 
horizontal in cross-profile, but descends toward the center of the valley 
at a rate of 5 to 10 feet per mile. The elevation of the inner margin of 
this bench at any point is thus partly dependent on the local breadth of 
the terrace. This axial descent of the terrace surface indicates a greater 
supply of detritus from the sandy outer shores cut into higher terraces 
than from the inner shores of stagnant ice. Similar inclination of the 
surfaces of the higher terraces is not marked, chiefly because they are 
too narrow to permit the detection of a gradient so slight. 

The terraces at this level are composed predominantly of sand, the 
structure of which shows the strong influence of southward-flowing cur- 
rents during deposition. The width (maximum, 5 miles) and the con- 
tinuity of the deposits indicate a centripetal recession of the ice seg- 
ment, which widened the lake, increased the size of the islands, and 
drained the higher terraces. The eastern ice border lay along a line ex- 
tending through Melrose, Wapping, and Addison to South Glastonbury ; 
the western border stood west of the long ridge of Talcott Mountain, 
along the line of Farmington River. Locally the lake reached from 
side to side of the depression between Talcott Mountain and the western 
crystalline upland. Much of the Westfield basin in Massachusetts was 
occupied by water at this time. A well-developed spillway at 270 feet, 
at the south end of Lamentation Mountain, 3 miles northeast of Meriden, 
is tentatively correlated with this lake. 
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EVIDENCE OPPOSING EARLIER INTERPRETATIONS OF GLACIAL LAKE 
SPRINGFIELD 


From a study of the lower terraces in the Massachusetts section 
Emerson ** concluded that from the time of the deposition of the bench 
at 300 to 310 feet lake waters occupied the valley from side to side. He 
regarded as littoral terraces the benches at 300 to 310 and 240 to 265 
feet, and he thought that the intermediate and lower levels represented, 
respectively, bars and flats not built up to water surface, and lake bot- 
tom deposits. Although these benches are not so sharply separated from 
one another in southern Massachusetts as in Connecticut, yet a study of 
the two regions as a unit shows that the lower terraces, like the higher, 
were laid down close to the waning ice-margin, and that each terrace 
represents a successively lower stand of the ponded waters. The chief 
evidences that support this interpretation are as follows: 

1. If the Connecticut Valley had been filled from side to side with 
water at any level higher than that of the lowest terraces, remnants of 
shore deposits built up close to water level should occur around the cen- 
trally located, isolated high lands, such as Talcott Mountain, which 
would have been islands in such lakes. No such remnants are present, 
even in reentrants and protected niches that have been scarcely affected 
by postglacial erosion. Even on the assumption of extensive later ero- 
sion, it is not reasonable to suppose that every visible trace of these de- 
posits has been washed away. The only possibile conclusion is that the 
central part of the valley was filled with ice during the life of all but the 
lowest lakes. 

2. Most of the terraces and flats mapped by Emerson as “lower bars 
and flats not built up to flood level” occur at a common elevation of 
slightly more than 200 feet; they end rather abruptly outward, and there 
is a pronounced rise to the next higher bench. It is difficult to conceive 
the conditions under which such terraces could be formed unless they 
were controlled by a water surface lying immediately above them—that 
is, a lake level much lower than that postulated by Emerson. The pres- 
ence of water 100 feet deep over the 200-foot plain is further rendered 
unlikely by the fact that sections of the 200-220-foot terrace in places 
show coarse gravels and distinct cross-bedding, indicating deposition in 


very shallow water. 
3. At certain points the 200-220-foot terrace is not inclosed by the 





1% B. K. Emerson: Geology of Old Hampshire County, p. 609 et seq. This view is 
inferred from maps and scattered remarks, for the author makes no definite state- 


ment to indicate it. He regards the several lower terraces as contemporaneous in 


origin, however, and refers the control of the lower terrace surface to lack of detritus 
rather than to a closely associated water level (see especially pp. 611-615). 
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higher one at 240 to 265 feet, but extends unbroken to the valley wall 

against which it rests. If the water level controlling this deposit had 
stood at 300 feet the material must have been built up nearly to 300 feet 
at the shore (figure 8). 

4. In several parts of the valley there are hills of till and rock, some 
of them drumlins, having summit elevations of more than 200 but less 
than 300 feet. Around these hills are flat-topped fringing aprons of sand 
and gravel, built to a uniform elevation of 200 to 220 feet. The cores of 
these masses would have been islands in a 220-foot lake, but would have 
been deeply submerged in a lake at 310 feet. Such flat-topped aprons 
could scarcely have been built about deeply submerged reefs. 

5. Exposures in the slope or escarpment leading from the terrace at 
240 to 265 feet to that at 200 to 220 feet show sharp truncation of the 
horizontal or cross-bedded stratification planes rather than a foreset 
structure leading from the higher to the lower surface. This condition 
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Figure 8.—Diagram showing local Relations 
This shows the relationship of the 200-220-foot terrace to valley wall and water 
level that must have controlled it, compared with a hypothetical higher water level 
and associated terrace profile. 





points to the undercutting of a drained shore terrace by erosion along 
a later and lower shoreline. 

Although the escarpment between these two levels is not everywhere 
steep, we must remember that it consists chiefly of sand, which when dry 
would at many places fall to a low angle of rest before it received a pro- 
tective cover of vegetation. 

6. Reticulated networks of interkettle divides, all with summit ele- 
vations of 200 to 220 feet, fringe and merge into the terrace at 200 to 
220 feet near Vernon, near Plainville, and at other localities. These 
divides can indicate only a water body at an elevation of about 220 feet, 
resting against fissured and disintegrating ice. They are inexplicable on 
the assumption that the water stood higher at that time. 

7. Emerson refers to the lake terraces as delta plains built gradually 
out into the lake while the waters were at an essentially constant level. 
If this were true, cross-sections of the terraces should show a structure 
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made up of a single large series of foresets, the height of which would 
have been controlled by the depth of the water into which they were 
built. Repeated observation shows that although foresets are present, 
they are small and irregular and are commonly interbedded with hori- 
zontal layers, as if built up by currents in comparatively shallow water. 

8. The terraces at 300 to 310 feet, 240 to 265 feet, and-200 to 220 
feet alike terminate toward the center of the valley in ice-contact slopes 
or against till or bedrock hills, the gaps between which are too low to 
have retained the terrace-forming waters without having been filled with 
ice. The terminations of each terrace are aligned from north to south 
and are arranged in cross-profile in overlapping series, the terminations 
of the lowest terrace being nearest the central axis of the valley. 


TERRACES AT 200 TO 220 FEET 


The stage of the terraces at 240 to 265 feet was brought to an end 
by the disintegration of the marginal ice south of Bristol, in the vicinity 
of Southington and Lake Compounce. The ponded waters gradually 
extended southward through the broken and crevassed glacial remnants 
into a broad rock basin which today has oply two outlets, each at about 
100 feet. One is the deep and narrow gorge of Quinnipiac River at 
Cheshire Street. The other is the narrows of Mill River at Mount Car- 
mel. It is evident that when the lake at 240 to 265 feet was drained both 
of these outlets were still occupied by ice and debris in situ. These effec- 
tively prevented outflow, because the new lake stood at 220 feet. Its level 
was regulated and escape afforded by a spillway at an elevation of 220 
feet, at the base of Bluff Head, in Guilford, leading from Durham 
Meadows into the valley of West River, tributary to Long Island Sound 
at Guilford. This condition is clearly shown by the fact that a system 
of sand terraces at 200 to 220 feet extends southward from Massachusetts 
on both sides of the valley, ends abruptly against the Quinnipiac Gorge 
and the Mt. Carmel Narrows, and is associated with the open spillway 
mentioned above. 

In the extensive waters thus ponded correspondingly broad terraces 
were built up around the disintegrating ice. Numerous kettles were 
thereby formed, separated by reticulated divides. The resulting mass 
bears a superficial resemblance to a marginal moraine, but the undis- 
turbed stratification apparent in sections, the complete accordance of the 
tops of the knolls and the crevasse fillings with the adjacent terrace, and 
the obvious gradation from knolled topography through kettled terrace 
into unbroken terrace, reveal the fact that the deposit was laid down in 
water in which broken ice was standing. 














MAP SHOWING RESTORATION OF ICE-MASS 
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Ficure 9.—Restoration of Ice-mass and contemporaneous Marginal Lake in the Con- 


necticut Valley at the Time of the 240-265-foot Terrace 


Shaded area — lake water; dashed lines — 
line = 500-foot contour, to suggest valley walls. 
the Holyoke Range. The minor masses of stagnant ice, 
the smaller valleys of the region, are omitted for the sake of clearness. 


ing represents the conditions during the existence of any one lake, and is obviously 
inadequate to show the change from level to level, which could be done only with a 


series of twelve or more such drawings, consecutively arranged, or a detailed map 
Both are prevented by the exigencies 


showing the present distribution of the terraces. 
of publication. 


= outwash channels; single continuous 
Lake and ice not mapped north of 
which evidently occupied 
This draw- 
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At this stage the western margin of the main ice segment rested 
against the eastern slope of Talcott Mountain and extended thence 
southward. A few broken residual masses rested against the western 
base of Talcott Mountain between Farmington and Tariffville, where, 
before the ice disappeared, they helped to form flat-topped pitted ter- 
races flush with the surrounding lake deposits. The islands of red sand- 
stone had grown so large as the lake level dropped that at this stage the 
lake was scarcely more than a series of estuaries following the minor 
valley bottoms. The broad, low Westfield basin and the area north 
of Springfield were, however, still largely occupied by water. On the 
east the ice edge stood along a north-south line scarcely more than 4 
miles east of the present channel of Connecticut River. From the ice 
edge the lake extended eastward into reentrants as far as the low 
water level permitted. 


TERRACES AT 160 TO 175 FEET: HARTFORD-SPRINGFIELD CLAY STAGE 


Further disintegration of the ice north of Meriden, in the deep de- 
pression between Cathole Mountain and Lamentation Mountain, cleared 
a new outlet which had been firmly blocked by ice in situ during the 
deposition of the terraces at 200 to 220 feet. The rock channel of this 
outlet, now occupied by Cathole Brook, drained off the waters into Quin- 
nipiaec River below the gorge, caused the abandonment of the higher 
spillways, and set a new controlling lake level at 175 feet. Lateral shrink- 
age of the ice had largely cleared the depression between Portland and 
Cobalt, which filled with sand and gravel up to an elevation of 150 to 170 
feet, deposited around large ice blocks so as to form a chain of enormous 
kettles. That the Connecticut gorge south of this district was still 
blocked by residual ice and debris is indicated by the abrupt ending of 
the terrace at 160 to 175 feet 2 miles below Middle Haddam. The same 
terrace is found extensively in the valley of Summer Brook south of 
Middletown and in the plain stretching northwest from Cromwell. The 
discontinuity of this terrace between Middletown and Cromwell and the 
ice-contact character of the terrace front indicate that a detached ice-mass 
having a surface area of several square miles still lay immediately north of 
Middletown, over the lower swamps of Mattabesset River. 

Meanwhile the southern end of the main ice-mass lay north of New 
Britain, its ragged edges bathed in water in which extensive terraces bear- 
ing pits with reticulated divides were laid down at 160 to 170 feet. These 
deposits are extensively developed in the area north of Beckley. Farther 
north, in the more open water about Glastonbury, Windsor Locks, and 
Bloomfield, the same terrace, with a general elevation of 160 feet and 
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more, grades down toward the center of the valley to about 140 feet. 
The northern end of the main ice segment now lay south of Windsor 
Locks. - The area to the north was marked by open water (indicated by 
the areal extent of the present terraces), surrounded by broad drained 
flats. The ice melted steadily during the life of the lake until it dis- 
appeared completely from the Hartford section of the valley and re- 
mained only in the region of the lower Mattabesset. his course of 
events is shown by the total lack of ice-contact features along the terrace 
front north of the Mattabesset. 

Varved clays are incorporated in the terrace at 160 to 175 feet, where 
they are covered with less than 20 feet of sand and gravel. They have 
not been found in the higher terraces, nor, so far as is known, do they 
extend beneath them. This fact harmonizes with the essential absence 
of ice from association with the terrace at 160 to 175 feet, in the view 
that now for the first time the waters standing in the central part of 
the valley had become sufficiently quiet to permit the deposition of a con- 
tinuous section of clay where previously only sand and coarser sediments 
had been laid down. 

The depth of the clay is unknown, but it grades upward into sand 
at 70 to 80 feet in the region south of Hartford and at about 80 feet 
near the State line. It reaches a surface elevation of at least 120 feet 
and perhaps 150 feet in the vicinity of South Hadley Falls, Massachu- 
setts.°° The shallow part of the lake lying immediately south of the 
Holyoke Range was gradually filled up—a process which was in progress 
when the life of the lake at this level came to an end. As a result of the 
filling, the clay was covered with silt and sand. 


TERRACES AT 100 FEET 


The existence of the lake at 175 feet was terminated by the melting 
of the ice in a reentrant tributary to the lower Connecticut at Hadlyme, 
opening a new spillway at 100 feet. This ‘ike is indicated by a con- 
tinuous series of pitted terraces at approximately 100 feet, extending 
throughout the Hartford-Middletown area and appearing farther south 
in reentrants in the Connecticut gorge near Middle Haddam, Deep 
River, and Hadlyme. The terrace at Hadlyme runs abruptly into the 
spillway, below which an abandoned channel filled with thoroughly 
rounded outwash debris leads to the Connecticut River estuary near 
Brockway. That the channel of the lower valley was blocked by ice dur- 
ing the existence of the lake is shown by the ice-contact terminations of 
the 100-foot terraces near Hadlyme and Deep River. 








”Erpst Antevs: Recession of the last ice-sheet in New England, p. 51. 
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The currents that entered the lake from the north when the terraces 
stood at 160 to 175 feet must have been revived by the lowering of the 
water level to about 100 feet. This increase in gradient probably ex- 
plains the fact that a layer of sand from 10 to 20 feet deep, with its 
surface at 100 feet, everywhere overlies the varved clays with an ab- 


ruptly gradational contact. 
TERRACES AT 60 FEET: FINAL LAKE STAGE 


The opening of a new spillway at approximately 65 feet, half a mile 
south of Deep River, caused the abandonment of the 100-foot col near 
Hadlyme and the lowering of the lake waters to their last and lowest 
level. Terraces at approximately 60 feet appear locally along the im- 
mediate banks of Connecticut River from Massachusetts south to the 
col at Deep River. That the main river channel at and below Deep 
River was still blocked by ice is indicated by ice-contact slopes on the 
60-foot terrace. The resulting lake was exceedingly narrow and must 
have filled up rapidly, and it was therefore probably of relatively short 
duration. 


LATER DRAINAGE HISTORY 


As this last lake slowly filled up, the ice in the section of the valley 
between Middletown and the mouth of the river gradually melted out 
and the last and lowest spillway was abandoned. The static waters to 
the north were thereby drained southward and meandered over the 
latest lacustrine deposits, uncovering the clays in some places, forming 
“meadows” and meander scars in others. These old channels lie at ele- 
vations of about 100 feet near Springfield and at about 20 feet north 
of Middletown. The later history of the valley consisted only of minor 
cutting and terracing by the river while the present low gradient was 
slowly being reached. 

It is important to realize here that each of the lower lakes was fed 
in large part by an outwash stream flowing from the upper Connecticut 
Valley southward through gaps in the Holyoke Range. The controlling 
baselevel for this stream was the surface of the lake south of the 
Holyoke Range. Each time a. new spillway was cleared and the lake 
level correspondingly dropped, a new area of lake bottom was exposed 
to dissection by this stream, which automatically extended itself south- 
ward as the lake shrank. The lower Connecticut Valley therefore 
shifted from lake occupancy to stream occupancy ‘by a series of rapid 
lake shrinkages and corresponding stream extensions progressively from 
north to south, separated by halts during which the stream trenched the 
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former lake-bottom areas and reached a new grade. Thus each lake 
terrace should grade northward into a stream terrace. Future investiga- 
tions in the area north of the Holyoke Range will test the validity of 
this reasoning. 

The streams tributary to the Connecticut which flow across the ter- 
raced areas are consequents and extended consequents, developed progres- 
sively and concordantly with the draining of the successive terraces. 
Controlled by the local baselevels of the lower lakes and later by the 
preglacial Connecticut, they exhibit abnormally wide, shallow valleys 
with flat, strongly aggraded bottoms and concave meander-scarred bluffs. 
Conspicuous among such streams are Scantic and Hockanum rivers, 
eastern tributaries of the Connecticut at East Windsor Hill and East 
Hartford, respectively. 


BEARING OF THE VARVE RECORD ON THE THEORY OF GLACIAL SEG- 
MENTATION 


Throughout his discussion of ice recession in the Connecticut Valley, 
Antevs *' proceeded on the assumption that the valley lobe was connected 
at all times with the main ice-mass and that it receded northward pro- 
gressively, though not steadily. Following this assumption, he com- 
puted a definite average rate of retreat per year between principal points 
in the valley. These calculations were deduced solely from the varves, 
since Antevs’ investigations did not extend to the flanking terraces. It 
has been shown above that the evidence of the terraces points definitely 
toward dissipation in situ as opposed to steady local recession. It 
is thus necessary to attempt to harmonize as far as possible the exist- 
ing evidence furnished by the varves with the new explanation of the 
history of the valley. 

The varved clays in the Connecticut-southern Massachusetts portion 
of the valley occur only in the terraces of 100 feet and 160 to 175 
feet and grade upward into sand at from 70 to 80 feet at the south 
to about 120 feet at the north. No varved clays occur here at higher 
levels or in other terraces. Thus it is evident that as long as massed 
ice remained in the lower valley, proglacial currents were strong enough 
to prevent the deposition of clay, which must have been carried off by 
waters escaping over the spillways described above. When and not 
until the ice in the area between Hartford and the Holyoke Range was 
reduced to a narrow mass, the lake waters were sufficiently undisturbed 
by currents to permit the deposition of clay. This view agrees well 





“2 Ernst Antevs: Recession of the last ice-sheet in New England. 
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with that expressed by Antevs,?* that “the ice-front was already fairly 
distant when the lowest of these varves (that is, the lowest that have 
been measured) were deposited in the Hartford region.” In any case, 
whether the ice that lay in the basin north of the Holyoke Range also 
segmented and disintegrated in situ, or whether the front of a true 
lobe retreated northward from the Holyoke Range, the varves in Con- 
necticut, as far as they are now known, are equally well accounted for. 
In either interpretation they fail to support the inference of a definite 
and measurable yearly retreat of an ice-front in the lower valley. The 
positive evidence yielded by the terraces as to the stagnation in situ of 
the valley ice precludes the possibility of a continuous “ice-front” hay- 
ing existed during the last ice-retreat. Thus, in the writer’s opinion, 
the varves do not register the retreat of the ice through Connecticut, 
but measure a period of time which began when the ice had almost com- 
pletely disappeared from this part of the valley. 


Rate oF Ice DIssiPATION 


Ice evidently occupied the Connecticut Valley, first as a lobe and later 
as an isolated segment, through a relatively long period, during which 
a series of extensive marginal terraces consisting of an enormous volume 
of sediments was built up. The probable greater covering of surface 
debris over the valley ice than over the upland ice and the increase of 
this debris to form an efficient protective covering as surface ablation 
constantly brought englacial material to a superglacial position must 
have reduced melting to a minimum. The valley segment must thus 
have been preserved as if it had lain covered with sawdust in a great 
ice-house. 

The evidence presented for relatively slow disintegration is strength- 
ened by the deposits in the adjacent upland valleys in Connecticut and 
Massachusetts. Ice-contact lake terraces like those of the Connecticut 
Valley, though smaller, are common in many of the lesser valleys. Obvi- 
ously the conditions governing the rate of dissipation were general 
throughout the whole region. Similar periods of markedly slow melt- 
ing are recorded by evidence in other regions. The retreat of the ice 
in the area north of Lake Ontario covered, according to Antevs,” a 
very long time as compared with the earlier retreat in the region to the 
south. The uncovering of the zone that includes northern Denmark 
and the extreme southern part of Sweden, in the opinion of several 





22 Recession of the last ice-sheet in New England, p. 49. 
2 Ernst Antevs: Retreat of the last ice-sheet in eastern Canada. Memoir 146, Geol 


Survey of Canada, p. 80. 
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students, involved a very long period of ice stagnation, probably 10,000 
to 15,000 years.** Assuming a normal and fairly rapid retreat, Antevs *° 
estimated that the retreat from the terminal moraines on Long Island 
to the vicinity of Hartford covered about 5,500 years. On purely 
theoretical grounds it would seem that the existence of the marginal 
lakes, all but the last of which antedated the entire varve succession in 
the Springfield-Hartford basin, requires that this figure be somewhat 
increased. This, however, is mere inference, for no means are now 
available of measuring with accuracy the time that was required to 
clear the ice from the valley. 


BEARING OF THE TERRACES ON THE QUESTION OF POSTGLACIAL UPLIFT 


No attempt is here made to discredit any of the theories of post- 
glacial uplift of New England already advanced. The present purpose 
is to show that the character, arrangement, attitude, and relations of 
the terraces in the Connecticut Valley force the conclusion that they 
are wholly and solely the product of glacial disintegration, coupled with 
the presence of rock spillways at certain places, and that no later change 
of level is necessary to their adequate explanation. 

The possibility of any notable differential tilt of the land during or 
after the formation of the continuous terraces is ruled out by the fact 
that the planes are horizontal. Three other allowable possibilities exist : 

1. That differential tilt took place and was completed before the 
highest continuous terrace was laid down. This seems unlikely in view 
of the occupancy of the greater part of the area by thick ice at this time. 

2. That uplift took place without differential tilt, all the terraces 
being elevated equally throughout their length. The known facts con- 
cerning elevation in other regions and the mechanical difficulties in- 
volved argue against such an inference. 

3. That the coastal strip which includes the lower part of the valley 
underwent no change of level measurable by the field methods used in 
this study, and that the initial hinge line or zone (if any) north of 
which the land has been measurably uplifted lies north of the Con- 
necticut-Massachusetts line. This last explanation is certainly the most 
logical, but it will have to await the presentation of new facts before 
it can be positively set forth. 

Investigations in the Coastal Plain and valleys of Maine, New Hamp- 





*Ernst Antevs: Retreat of the last ice-sheet in eastern Canada, pp. 90-93. 
* Ernst Antevs: The last glaciation. 


LXIV—BvuLut. Grou. Soc. AM., Vou. 39, 1927 











984 Rk. F. FLINT—PLBEISTOCENE TERRACES OF CONNECTICUT VALLEY 


shire, and Massachusetts,?* in the Narragansett Bay region,?’. and in 
the Hudson River valley ** have led authors to believe in a tilted marine 
plane and.in lake levels that rose gradually inland. I have had no 
opportunity to. visit the localities that afford evidence for this belief 
and I am therefore not in a position to criticize it. The evidence af- 
forded by the horizontal terraces, however, seems definitely at variance 
with the placing of such a plane in the lower Connecticut Valley. Cer- 
tain it is that.in the course of investigations bearing on the question 
of postglacial uplift, which involves exceptionally careful examination 
of field evidence and keen discrimination between deposits formed by 
different agencies, long-distance correlations and sweeping conclusions 
ought not to be made until extensive detailed field-work has been done. 


DiscUssIoNn 


? 

Henry B. KumMet: Attention was called to the fact that R. D. 
Salisbury, in 1894, in the Annual Report of the State Geologist of New 
Jersey for 1893, described the building of marginal terraces between 
the side of the valley and blocks of stagnant glacial ice along its axis, 
and set forth the criteria which differentiated them from other types. 
Numerous localities were cited in New Jersey where these phenomena 
had been observed. In subsequent reports deposits of this character were 
described in detail by Professor Salisbury and his assistants. It is be- 
lieved that credit for the recognition of terraces of this type therefore 
belongs to Professor Salisbury. It is interesting to know that similar 
terraces are now recognized in the Connecticut Valley. 





* Ernst Antevs: Late Quaternary changes of level in Maine. (Unpublished manu- 
script.) 

J. W. Goldthwait : Geology of New Hampshire, pp. 30, 43, and map. 

27R. W. Sayles: Quoted by Ernst Antevs in The last glaciation. 

73 J. B. Woodworth: N. Y. State Museum Bull. 84, 1905. 
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INTRODUCTION 


In several earlier papers the writer has presented brief studies of cer- 
tain of the greater features of the earth’s surface—mountain ranges, 
foredeeps, etcetera—in an effort to explain their origin. The details 
of those studies and of the conclusions reached are contained in the seven 
papers listed below and can not be restated here.*? Condensed into one 
short paragraph, the main conclusions reached may be stated as follows: 





1 Manuscript received by the Secretary of the Society April 16, 1928. 

2(1) Bearing of the Tertiary Mountain belt on the origin of the earth’s plan. Bull. 
Geological Soc. of Amer., vol. 21, 1910, pp. 179-226. (2) The lateral migration of 
land masses. Proc. Wash. Acad. of Science (Abstract), vol. 13, no. 29, 1923, pp. 
445-447. (3) Movement of continental masses under action of tidal forces. Pan 
Amer. Geol., vol. XLIII, February, 1925, pp. 15-50. (4) Greater Asia and Isotasy. 
Amer. Jour. of Science, 5th Ser., vol. XII, July, 1926, pp. 47-67. (5) Salient points 
in Tertiary epeirogeny (Abstract). Bull. Geol. Soc. of America., vol. 38, 1926, pp. 107-8. 
(6) Sliding Continents and tidal and rotational forces. Amer. Assoc. of Petrol. Geolo- 
gists, Symposium volume, “The Theory of Continental Drift,’ 1927, pp. 158-177. (7) 
Bearing of the Distribution of Earthquakes and Volcanoes on their Origin. Bull. Geol. 
Soc. of Amer., vol, 39, 1927, p. 174. 
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Beginning rather abruptly in the latter part of the Cretaceous period 
and continuing down to the present time, the northern continents—Eu- 
rope, Asia, and North America—began to slide very slowly in southernly 
directions. At the same time the southern continents—South America 
and Australia—began moving in northerly directions. Hence, abstractly, 
the moving continents slid from high latitudes toward lower latitudes 
in both hemispheres. Greenland and Africa, with Arabia and India, and 
probably with Antarctica, remained unmoved jn this period. The 
proofs that great movements of this kind took place in recent geological 
time rests mainly on the existence of polar areas of horizontal tension, 
rifting and pulling apart, and on correlative belts of horizontal com- 
pression, with folding, faulting, uplifting, etcetera, in middle and low 
latitudes. This paper is devoted to a comparison of these features in 
North America and Asia. 

This distribution of the great crustal movements has been particularly 
stressed in the writer’s earlier papers as having an unmistakable bearing 
on the nature of the cause, for it seems obvious that movements which 
are conditioned by latitude and hemispheres can not be attributed to any 
kind of internal cause. No process of cooling and contraction, nor any 
other kind of internal change, can be made to fit this particular distribu- 
tion of movements. The cause must. therefore be external, and the only 
known external cause is tidal force. This force has the further favorable 
attribute that, whether considered as acting directly or indirectly, it ex- 
actly fits the scheme of the continental movements. 

It seems almost certain, however, that the tidal force in its direct 
action is too weak to move the continental masses, even in periods of 
very great length, but by indirect action, through the gradual increase 
of the speed of axial rotation, of which it is believed to be the cause, and 
the consequent proportional increase in the power of the centrifugal force 
which affects the whole globe, it is fully competent and is perfectly fitted 
to the scheme of movements. The status of the tidal force can not be 
discussed further in this paper. Brief statements concerning it may be 
found in some of the earlier papers, especially in numbers 3 and 6. 

In a comparative study it is found that, with the possible exception 
of Australia, concerning which data on the amount of crustal sliding are 
as yet rather meager, Asia is found to have moved farther and more 
rapidly and probably more deeply in the earth’s mass than any other 
continent, while from every point of view North America represents a 
minimum of continental sliding. These two continents appear to be 
more strongly contrasted in Tertiary diastrophism than any others. 
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CORRELATION OF BELTS OF HORIZONTAL TENSION AND COMPRESSION 


While evidences of large-scale horizontal movements in the continents 
are of several kinds, tension and compression have more significance than 
any others. Their importance is further greatly increased by the fact 
that they are inseparable correlatives. In cases in which this relation is 
clearly defined it is impossible to doubt the reality of the large horizontal 
movements which they imply, and the characteristics of the features pro- 
duced leave no room for doubt as to the kind and direction of the move- 
ments. The movements are widely regional, in each case coextensive 
with the whole areal extent of the continent, and they are mainly hori- 
zontal, the vertical element being confined to a gentle upward riding of 
the forward parts of the continent during the general forward movement, 
and to sharp vertical uplifts on the axes of mountain ranges and in 
plateaus. These developments are especially well illustrated in Asia. 

In the tension area of a continent there is a vertical cracking or break- 
ing of the earth’s crust and horizontal pulling away of the continental 
mass on one side of the break. In the northern hemisphe:. these breaks 
are on the northerly sides of all three continents, and there are no com- 
pression effects of the same date or age on that side of any of them. The 
tension effects on the north and northeast sides of North America are the 
simplest of any and the most obvious in their meaning. Those on the 
north. side of Asia are much greater, but more obscure in their 
relations. The great deep basin of the Arctic Ocean appears to be the 
tensional rift or disjunctive basin of Asia, made probably since the late 
Cretaceous by Asia splitting off and pulling away from the north and 
east sides of Greenland. 


COMPARISON OF TENSION EFFECTS 
THE GREENLAND RIFT 


Figure 1 shows the great rift between North America and Greenland, 
extending along the whole west side of Greenland and across its northern 
end. Along the west side the rift valley includes the Labrador Sea, 
between Labrador and the south part of Greenland, with Davis Strait 
and Baffin Bay to the north. This part extends in a north-northwest 
direction and is about 1,500 miles long. The valley is a simple feature 
only in the southern third, which comprises the Labrador Sea. In this 
part it is a clean-cut fracture, with sides so closely parallel as to attract 
attention for this uncommon relation in features of such great magni- 
tude. The sides are not straight lines, but are gently curved, especially 
in their southern parts. On an accurate large-scale map or globe this 
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relation is very clear and the curved parts fit together like pieces of a cut- 
out puzzle. 

Farther north the main valley is narrower, but the full width is made 
up by subparallel fractional rifts, like Hudson Strait and several other 




















Figure 1.—Map of Greenland and adjacent Parts of North America 


Shows the great disjunctive valley extending along the west side of Greenland and 
the offsetting rift which cuts across its northern end. Greenland appears not to have 
moved during the Tertiary-to-present mountain-making period. 


small ones north and west of Baffin Land. One that is practically con- 
tinuous westward from the north part of Baffin Bay comprises Lancaster 
Sound, Barrow Strait, Melville Sound, and Banks Strait. Taking the 
fractional rifts in the Arctic Archipelago as a modified extension of the 
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main valley, the whole length of the rift is nearly 2,000 miles. The 
islands of the archipelago appear to have lagged behind in the general 
movement and to have stuck fast while the main mass moved on. 

The disjunctive valley was recognized in its true character by E. 
Suess and L. de Launay long ago, but none of the early observers appear 
to have noticed the well marked part of the rift which runs northeast 
across the north end of Greenland. This fracture formed an offsetting 
rift and produced only a relatively narrow valley, now seen in Smith 
Sound, Kennedy Channel, and Robeson Channel. Along this line Grant 
Land, Grinnell Land, and Ellesmere Land appear to have slid approxi- 
mately 330 miles toward the southwest, while the land on the east side 
appears to have remained unmoved. The parallel lines LL, MM, NN, 
and OO unite reciprocal points across the Labrador Sea, but are not ex- 
actly parallel with the axis of the offsetting rift at the north. In its 
northeastern part, where the rift passes through Lincoln Sea, along the 
north side of Peary Land, its axis appears to point 9 or 10 degrees more 
toward the west than the lines crossing the main rift farther south. In 
Davis Strait and the Labrador Sea the direction of sliding of the con- 
tinent as it pulled away from Greenland was about south 40 degrees west. 
Taking a mean straight line along the west coast of Greenland, the 
angle between it and the axis of the offsetting rift is close to 105 degrees. 
The lines across the Labrador Sea show that North America has pulled 
away from Greenland a total distance of nearly 560 miles. 

Greenland itself appears to show no independent evidence of having 
moved in any direction. We are led, therefore, to look for the moving 
member on the other side of the rift. In agreement with this inference, 
it is found that the whole southwestern and western margin of North 
America is bordered along the Pacific Ocean by new mountain ranges 
(Tertiary and later), which are here interpreted as normal products of 
continental sliding from the direction of Greenland and the north, thus 
forming a pair of correlated belts like those mentioned above, with ten- 
sion effects at the northeast and compression effects at the southwest. 

Suess says: “Greenland is a horst of the first order between two or 
more sunken areas of different age.”* He therefore regarded Green- 
land as having remained unmoved; but, with many other geologists, 
he clung to the idea of great sinkings of the ocean floor, so he pictured 
the basins around Greenland as “sunken areas” rather than as disjunc- 
tive basins left by the cracking and pulling away of great continental 
masses of the earth’s crust. Many specific evidences, however, support 





’ Eduard Suess: The face of the earth. English translation by Sollas, 1906, part 
II, p. 294. 
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the latter interpretation and disprove the hypothesis of great sinkings, 
excepting as seen in typical foredeeps. 

The writer stands with Suess in the belief that Greenland did not 
move. Although recognizing the character of the rift, including its off- 
setting branch, Wegener discounts its value as evidence and gives greater 
weight to certain doubtful measurements of longitude which are said to 
show a westward drifting movement of Greenland during the last cen- 
tury.* To the writer the observations cited by Wegener seem poor, no 
two, according to him, being made from the same point, and the moon 
being the astronomical datum—a poor dependence for accuracy. 

In a later paper Wegener reviews the status of the Greenland problem 
and introduces a turning movement into the alleged westward drift of 
Greenland. He says in substance (translated) : 

“Greenland is in this respect’ [as revealing evidence of recent and present 
westward drifting] “the most important part of the earth. The Greenland 
continental area must, according to biological testimony, even, in very recent 
times—perhaps about 50,000 to 100,000 years ago—on its east margin have 
bordered on Norway and the west margin of the Spitsbergen shelf. Since 
then it has, in the main, turned about 45°; so that, on the north, it has re 
treated but little from Spitsbergen, but in the south it has moved consider- 
ably to the west. In latitude 75°, between Sabine Island and Bear Island, 
the displacement amounts to 1,070 km., and at the southern extremity, be- 
tween Cape Farwell and Scotland, 1,780 km. This gives for Sabine Island a 
yearly westward movement of from 10 to 20 m., for Cape Farewell about 20 
to 30 m. annually, and these are amounts that are measurable in relatively 
short time.® 


Further discussion of observations of longitude follows in Wegener’s 
text. 

Several statements in the part quoted above invite comment. Figure 
2 shows the turning movement as postulated by Wegener. Before its be- 
ginning the axis of Greenland is supposed to have been about on the 
line running from the pivot north of Greenland toward Scotland, or 
from O to S. Cape Farewell, as assumed by Wegener, was then near 
the north end of Scotland, and the east side of Greenland rested close 
to Norway. The northeast corner of Greenland was close to Spitsbergen, 
and Cape Farewell was nearly 1,500 miles east of its present position. 





* Alfred Wegener: The origin of continents and oceans. Skerl’s English translation, 
1924, pp. 114-118; also pp. 56-58, including interesting geological map of northwest 
Greenland by Lauge Koch, showing well the displacement of the strata along the off- 
setting rift. 

5 Die Geophysikalischen Grundlagen der Theorie der Kontinentenverschiebung, by A. 
Wegener. Scientia, I-II, 1927 (February), pp. 103-116. The passage quoted in transla- 
tion is on page 114 of origina) 
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Only after the Cape had swung that distance toward the west would 
the two sides of the Labrador Sea acquire the highly suggestive parallel 
relation which they now show. If the westward swing on the pivot goes 
on in the future the parallel relation will soon disappear and Cape Fare- 
well will swing toward the east end of Hudson Strait instead of toward 
the southern point of Labrador. The offsetting rift is positive disproof - 
of the supposed turning movement. Apparently, from Wegener’s point 
of view, the present parallelism of the coasts is-purely accidental; but to 
the writer it seems certain that if Greenland has moved at all in the 
Tertiary-to-present period it must have moved in harmony with the pres- 
ent expression of the rift—that is either toward the northeast or toward 
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Figure 2.—Diagram to illustrate Wegener’s supposed westward turning Movement of 
Greenland 


Its central axis is about on the line OC. In its former position, as postulated by 
Wegener, Greenland is outlined by a broken line, and its central axis would be about 
on the line OS. Wegener supposes Greenland to be swinging westward as though on 
a pivotal point situated about at O. Greenland is shaded and the overlap crossbarred. 
G. L. = Grant Land; B. L. = Baffin Land; H. Str. — Hudson Strait; I. —Iceland; 
W. G. = Wegener’s former hypothetical place of Greenland. 


the southwest. In the former case it would be Greenland pulling away 
from North America; in the latter it would be Greenland sliding with 
North America, but more slowly than the islands of the Arctic Archi- 
pelago. The evidence, however, is strongly in favor of Suess’s view that 
Greenland has remained unmoved. 

In the paragraph next following the quotation given above, Wegener 
discusses the rate of westward movement based on certain observations 
of longitude in northeast Greenland. Between the record of Borgen and 
Copeland in 1870 and that of J. B. Koch in 1907, the total displacement 
appeared to be 1,190 meters, or 32 meters annually. This in feet would 
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be 107.84 feet per year, nearly 9 feet (8.98) per month, or 3.5 inches 
per day—a rate obviously many times too swift to be seriously consid- 
ered. The sudden large slips in great earthquakes, like those in Alaska 
in 1899 (47 feet), and in California in 1906 (21 feet), are not proof 
that the general crustal movement of which these sharp quakes were the 
- culmination were particularly rapid. If North America has pulled away 
from Greenland about 560 miles since the Late Cretaceous, say 50 to 60 
millions of years ago, the rate of sliding would be on the average a little 
more than one-half an inch per year. The writer assumes that in Asia 
it is at least three times as fast, or something like 114 inches per year. 
Again, partly on biological evidence, Wegener surmises that Greenland 
lay over against Spitsbergen, Norway, and Scotland 50,000 to 100,000 
years ago. But biological evidence is not as reliable a time measure as 
the rate of change in great geological processes. Many evidences show 
that Niagara River has taken something like 20,000 or 25,000 years to 
make its gorge. The 26 orderly recessional moraines which mark the 
space between Cincinnati and Lewiston, New York, where the falls began 
gorge-making, marking time intervals of probably something like 1,200 
or 1,400 years each, show that it took the front of the Wisconsin ice- 
sheet roughly 30,000 to 35,000 years to retreat over this distance. This 
would make it 50,000 or 60,000 years since the ice-front rested on the 
Hartwell moraine, ten miles north of Cincinnati. Is it possible to con- 
ceive of Greenland as being moored to Spitsbergen, Norway, and Scot- 
land when the front of the Wisconsin ice-sheet was at Cincinnati? If 
the time were shorter, say 45,000 or 40,000 years (minimum estimate), 
the situation with regard to Greenland would be even worse. Besides, 
if Greenland was in contact with Norway so recently as Wegener claims, 
and if the parting movement is all to be ascribed to Greenland, where 
shall we look for the Tertiary rift-basin of Europe? The Tertiary 
ranges of southern Europe are, direct westward continuations of ranges 
of the same age in southern Asia. The ocean between Greenland and 
Norway is the westward continuation of the rift-basin of Asia and is the 
physical correlative of the Tertiary ranges of southern Europe and north- 
ern Africa—tension and disjunction at the north coincident with com- 
pression, folding, and uplifting at the south. Clearly, Wegener’s inter- 
pretation does not agree with the relations which these larger facts reveal. 


THE DEEP ARCTIC OCEAN, THE GREAT RIFT-BASIN OF ASIA 


The great tension area north of Asia is not so easy to visualize as is 
that related to North America, mainly because its boundaries are less 
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distinct on ordinary maps; but if we study Nansen’s map of the con- 
tinental shelf in the Arctic regions,® with its depth contours, we see that, 
although the survey is not yet complete, especially on the west side of 
the Archipelago and north of Greenland, it reveals the boundaries of the 
deep basin fairly well. The boundary is shown in figure 3 by the broken 
line. Nansen’s map shows that the basin is more than 10,000 feet deep. 
and that it occupies the greater part of the Arctic Ocean. Along the 
north side of Asia the submerged continental shelf is 400 to 500 miles 
wide and is submerged about 500 feet at its outer edge, where there is 
an abrupt descent into the deep basin. North of Alaska the shelf is 
very narrow and the deep basin comes near to shore. The basin north 
of Europe is not so deep and the boundary is less distinct. There is 
no clear line of division between the parts that belong to Europe and 
those which belong to Asia. 

The disjunctive rift-basin of North America is roughly estimated to 
be about 1,000,000 square miles in total area; that of Asia 4,500,000 to 
5,000,000 square miles, depending on the place of the boundary between 
Europe and Asia. That of Europe, shallower, with boundaries hard to 
define, is not easily estimated. Thus, the basin north of Asia is some- 
thing like four or five times as great as that related to North America. 
Naturally, if the northern continents have been sliding toward the south 
in the Tertiary-to-present period and folding and uplifting new moun- 
tain ranges along their southern borders, we are justified in looking for 
larger scale and more intensive compression effects along the southern 
margin of Asia than along that of North America. 


COMPARISON OF COMPRESSION EFFECTS 
THE AMERICAN CORDILLERA 


The greater scale, variety, and intensity of development of new moun- 
tain ranges, foredeeps, etcetera, in Asia as compared with the same de- 
velopment in the same period in North America is one of the most pro- 
nounced outstanding facts of continental development on the earth. 
Figure 3 shows some of the larger and more recent compression effects 
in the two continents. 

The disjunctive rift-basin of North America is relatively small ; hence, 
from evidence on its tensional side, the continent appears to have moved 
through a relatively small distance (about 560 miles) to produce the 
observed compression effects on its southwestern and western border. If 





®* Reproduced by W. H. Hobbs in his earth evolution and its facial expression, 1921, 
p. 102. 
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we examine the Cordilleran ranges, we see that they are developed on 
lines not strictly straight, but with curvatures so slight that they are 
largely lacking in distinctive characteristics. Indeed, it is perhaps doubt- 
ful whether the idea of arcuate mountain ranges as products of hori- 
zontal movements of continental extent would ever have been discovered 
if no better examples of it had been found in other continents than are 
now seen in North America; but, with the preeminent example of Asia 
to guide us, we see that there are a few weak developments of this kind 
in our Pacific ranges. . 

The Rocky Mountains show little that suggests the arcuate form. The 
Cascade Range, including the Sierra Nevada, etcetera, is in some parts 
more suggestive ; but the newest and most significant is the Coast Range, 
which falls into three fairly distinct but not strongly formed arcs—the 
Mexican, the Mendocino, and the Alexandrine arcs. A deep basin re- 
cently found off the south part of Mexico, called the Acapulco Deep, is 
the only thing near our west coast which might be classified as a fore- 
deep; but, as now known, its form is not typieal of foredeeps. 


THE ARCUATE FESTOONS AND FOREDEEPS OF ASIA 


Figure 3 shows the front of Asia only from the Philippines northeast- 
ward, but this part comprises the finest of the festoon arcs. It shows 
the whole of North America, with its relatively small disjunctive rift- 
basin at the northeast and the Cordilleran ranges in the correlative com- 
pression belt at the southwest and west. It shows the best arcuate 
ranges of North America (the three mentioned above), but they are 
only poorly developed. There is probably no more striking contrast in 
these forms than is seen by comparing the American arcs with the festoon 
arcs of eastern Asia—the Aleutian, Kurile or Chishima, Japan, Ryukyu, 
Taiwan-Luzon, and Philippine arcs. In figure 3 a heavy line is 
drawn through the American arcs in order to bring out their form 
and relations more clearly. In the festoons of Asia this is not necessary, 
excepting in the case of the Mariana arc, which is new and weak in its 
development. From southern Mexico to Alaska one sees the North 
American type of arc; from Alaska to the Philippines the Asiatic type. 

Figure 3 shows that the disjunctive rift-basin at the north of Asia is 
four or five times the size of that related to North America, and that the 
features of the correlative compression belt along the southern and east- 
ern margin of Asia shows a magnitude, variety, and strength of develop- 
ment which is appropriate and harmonious with the larger rift-basin and 
in general with the larger scale of everything in Asia. Foredeeps of the 
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finest types lie close in front of all the greater festoons of Asia. Ex- 
cepting one of rather abnormal form, the Acapulco Deep off Southern 
Mexico, North Americ¢a has none at all. Asia has also a deep sea-basin, 
or arcsea, behind nearly every festoon, while North America has none that 
can be called a sea, unless it be the Gulf of California. 


ContTRASTS IN ALASKA AND ALEUTIA 


The comparative strength of diastrophism in the two continents is per- 
haps seen to best advantage in the region where they unite (figure +). 
Aleutia comprises the whole of the Aleutian arc, with all of the islands 
and all of the lands and undersea earth-crust which extends northward 
to the deep Arctic basin. 

The ranges of the Rocky Mountains are broken and offset in the far 
north, their continuation in the Endicott Range having been bent around 
and doubled back by the southward movement of Aleutia. In figure 4 
the Cascade Range shows only a very slight deviation from a straight 
line in the part which lies to the north from Vancouver Island. Only 
the Coast Range, which includes Vancouver Island and the many islands 
of the Alexandrine Archipelago, shows a moderate outward bulge, form- 
ing a flat arc about 1,000 miles long. There is no suggestion of a fore- 
deep and no arcsea, unless Hecate Channel and Queen Charlotte Sound 
be so regarded. 

On the other hand, the Aleutian arc is 2,300 miles long, about 2,000 
miles of it being an almost perfect arc of a circle. The western half 
is a submerged mountain range 12,000 to 15,000 feet high, with only 
small volcanic islands projecting above the sea. The great Supan Fore- 
deep, 1,400 miles long, 50 to 150 miles wide, and reaching a depth of 
considerably more than 20,000 feet, lies close in front and curves in 
unison with the range. Bering Sea is its arcsea, the deep basin of 
which is 1,000 miles long and 500 miles wide. To see the weakness of 
the American development as compared with the Asiatic, it is only 
necessary to compare the Alexandrine are with the Aleutian are, Char- 
lotte Sound and the Gulf of California with Bering Sea, and note the 
fact that the Alexandrine are has no foredeep in front of it, while the 
Aleutian are has the great Supan trough. Southern Mexico has the 
Acapulco, a great offshore deep, but its form leaves some doubt as to its 
real character. 
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MATERIAL FACTS VERSUS FANCIFUL SPECULATIONS 


In his book mentioned above and in later writings, Wegener offers 
explanations of many of the features discussed in this paper, but his 
explanations are widely different from those here given. They are much 
more dependent on speculative interpretations. For example, because 
the two Americas show a strong westward component of movement, 
Wegener infers the same for Asia and Australia, in spite of many clear 
and strong evidences to the contrary. In his efforts to explain the 
festoons, foredeeps, and arcseas by posterior splitting off and lagging 
behind while these two continents drifted westward, he fails to show a 
sound physical analysis of these forms. He would make the eastern 
and southern borders of Asia a tensional, disjunctive region, ignoring 
entirely the deep basin of the Arctic Ocean as a feature having any 
relation to the movement of Asia. : 

The curved form of the festoon arcs and foredeeps are not normal 
products of a disjunctive process. The physical analysis of these forms 
is given in the earlier papers, numbers 3, 4, and 6. If Asia moved west 
and northwest so strongly as Wegener assumes, where are the compres- 
sion effects which would normally be formed along its western front? 
Wegener fails to show any. On the contrary, the whole group of fea- 
tures marking the southern and eastern border of Asia are ideal effects 
of compression acting from the north and northwest. In particular, 
the Aleutian arc was made by compression directly from the north and 
can not be made to fit Wegener’s scheme. 

Wegener postulates a wandering of the poles as a cause of changes 
of climate, glacial periods, sea transgressions, etcetera; in fact, his whole 
scheme is built largely around this idea. He goes much out of his way, 
however, to claim pole-wandering as a disturbing factor in the climates 
of the Pleistocene and the Quaternary. 

Mr. Frank Leverett, of the United States Geological Survey,’ fore- 
most authority on the glacial drift of North America, says that the sev- 
eral drift sheets—Nebraskan, Kansan, Illinoisan, and Wisconsin—cov- 
ered almost identical parts of the earth’s surface; so nearly so that there 
could have been no notable pole-wandering or change of latitude dur- 
ing the Pleistocene. Leverett points out, further, that the extent of 





7 Pleistocene deposits of Minnesota and adjacent districts (Abstract). Bull. Geol. 
Soc. Am., vol. 27, 1916, pp. 68-70; the Pleistocene glacial stages: were there more than 
four? Proc. Am. Phil. Soc., LXV, No. 2, 1926, pp. 105-118. Also, personal communi- 
cations. 
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glaciation in Europe and North America as compared with the present 
distribution of isotherms in the two continents is strongly opposed to 
any measurable change of pole or of latitude, for the present north- 
ward deflection of the isotherms by about 10 degrees in Europe as com- 
pared with their place in North America is in striking agreement with 
the northward deflection of the Pleistocene drift limit in Europe; hence 
there is no need whatever of postulating pole-wandering or change of 
latitude to explain these observed deflections. 

Finally, the writer’s study of the movements of the continents and of 
the distribution of the Tertiary mountain belt has revealed no evidence 
of a measurable displacement of the pole since Middle Cretaceous time. 
The distribution of the belt requires the pole to have remained near 
where it now is. In the Middle Cretaceous the pole might have been, 
say, at the north end of Greenland, 300 or 400 miles from its present 
place; but there is strong evidence against even this much wandering. 
The writer, however, does not now commit himself as against a some- 
what greater amount of pole-wandering in the pre-Cretaceous periods, 
and especially in pre-Cambrian time. 


CoNCLUSION 


North America, since the Late Cretaceous, has moved much less, hori- 
zontally, than Asia, and also less deeply in the earth’s mass. Hence, on 
this theory, its mountain ranges are weaker, with only faint arcuate ex- 
pression, and there is almost complete absence of foredeeps and arcseas. 
Foredeeps are probably dependent mainly on depth of movement, as 
stated in an earlier paper, number 4, and arcseas mainly on the amount 
of horizontal movement. 

The features of Aleutia, extending eastward to central Alaska (figure 
4), show strong, deep-seated, spreading crustal movement from the north, 
while Alaska east of the dividing line shows weak, relatively shallow 
movement from the north, northeast, and east. The large difference in 
scale and intensity of development is due mainly to difference in area, 
mass, and position in latitude. North America was a much smaller mass 
than Asia, did not reach so far north originally, nor has it moved so 
far south. Toa relatively weak but slowly increasing external deforming 
force (tital-rotational-centrifugal), these continents responded and 
moved in proportion to their masses and to the advantages of their origi- 
nal positions in latitude. 

LXV—ButL. GEov. Soc. AM., VoL. 39, 1927 
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So far, therefore, as relates to the movements of the continents and 
the making of mountains in the Tertiary-to-present period, and to the 
causes of the Pleistocene ice-sheets and their distribution in latitude, 
Wegener’s speculative suggestions seem to disagree with many of the 
well established facts now in hand. 
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INTRODUCTION 


This paper is one of a series by the writer on sliding continents and 
the making of mountain ranges, with special reference to the ranges of 
the so-called Tertiary mountain belt. About forty years ago Neumayr 
made a map of what he called the earth’s “young” mountain ranges. He 
represented them by a relatively broad band or belt extending along the 
southern border of Europe, touching northwestern Africa in the Atlas 
ranges, and extending thence along the whole southern and eastern 
front of Asia to central Alaska, where the belt turns southward to form 
the western cordillera of both North and South America. A branch also 
runs east and south-in the Pacific Ocean around the north and east sides 
of Australia. This world belt includes all of the high, rugged moun- 
tain ranges of the earth. 

Since mountain-making is much more rapid during the period of its 
action than are the agencies of destruction during the same time, the 
new ranges lift their peaks in some places to great heights in spite. of 
the destructive forces. It is evident, therefore, that the ranges of the 





1 Manuscript received by the Secretary of the Society January 18, 1928. 
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Tertiary mountain belt have all been undergoing relatively rapid growth 
in recent geological time. The continents themselves slide forward 
quietly and with little or no jarring, but at their forward margins they 
are folded and uplifted to form the mountain ranges, foredeeps, and 
plateaus. Great stresses are set up in the outer, rigid crust of the mar- 
ginal belt, and when these exceed the limit of elastic distortion, great 
cracks or faults are suddenly formed, along which one rigid mass slips 
past another. The sudden jarring or shaking of the ground thus pro- 
duced is called an earthquake. It should be expected, therefore, that a 
growing mountain range would be a region of frequent and severe earth- 
quakes, and that frequency and severity would bear some sort of pro- 
portional relation to rapidity of growth. 


SLIDING CONTINENTS AND MOUNTAIN-MAKING 


In earlier papers the writer has discussed the bearing of some of the 
great features of the earth’s surface on the origin of its plan—that is, 
on the distribution and arrangement of the continents, mountain ranges, 
foredeeps, etcetera.? Following in part the method of Eduard Suess, 
evidences are adduced, especially in papers numbers 1, 3, 4, and 6, which 
are believed to show that the ranges of the Tertiary mountain belt are 
the product of horizontal crustal movements of continental extent. Under 
this interpretation it was shown that the northern continents—Europe, 
Asia, and North America—moved in southerly directions, while the 
southern continents—South America and Australia—moved in north- 
erly directions, Greenland, Antarctica, and Africa, with Arabia and 
India, remaining unmoved in that period. Hence, to put it abstractly, 
the moving continents slid from high latitudes toward lower latitudes 
in both hemispheres. 

Quite naturally, the appearance here of a positive statement like this 
may seem to be somewhat dogmatic, for it is hardly probable that those 
whose interest lies chiefly in seismology are acquainted with the earlier 
papers referred to. It seems proper, therefore, to give a brief statement 
of the steps which have led to so broad a generalization. 





2 (1) Bearing of the Tertiary mountain belt on the origin of the earth’s plan. Bull. 
Geol. Soc. of Am., vol. 21, 1910, pp. 179-226. (2) The lateral migration of landmasses. 
Proc. Wash. Acad. of Science., vol. 13, no. 29, 1923, pp. 445-447 (abstract). (3) 
Movement of continental masses under action of tidal forces. Pan-Amer. Geol., vol. 
xliii, February, 1925, pp. 15-50. (4) Greater Asia and isostasy. Am. Jour. of Sci., 
5th ser., vol. xii, July, 1926, pp. 47-67. (5) Salient points in Tertiary epeirogeny. 
Bull. Geol. Soc. of Am., vol. 38, 1926, pp. 107-8 (abstract). (6) Sliding continents 
and tidal and rotational forces. Am. Assoc. of Petroleum Geologists, Symposium vol- 
ume, Theory of continental drift, Tulsa, Okla., 1928. 
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The basic facts and principles on which this conclusion rests are these : 
The three continents of the northern hemisphere—Europe, Asia, and 
North America—all show tremendous effects of compression in folding, 
faulting, uplifting, overthrusting, and underthrusting along their entire 
southerly margins. All geologists agree that this world girdle of young 
mountain ranges began to be made in Late Cretaceous time, and that their 
growth has continued down through the Tertiary and Quaternary ages. 
The mountain ranges produced in this period have come to be known col- 
lectively as the Tertiary Mountain Belt. Geologists of the last century 
sought to explain the origin of these mountains by the cross-section 
method, now largely superseded, with the result that their explanations 
were fallacious, because they were based on effects supposd to grow out 
of cooling and contraction of the earth or else on other causes of a more 
local character. 

Eduard Suess studied the mountain structures of Asia, where tectonic 
lines are much more simple than those of Europe. From a study of 
their horizontal plan, Suess found that the arcuate ranges of southern 
Asia are evidently due to southward sliding or creeping of a large part 
of the crust sheet of that continent. In this conclusion Suess revolu- 
tionized world geology and tectonics. Timidly he sought to apply the 
principles derived from the study of the arcuate ranges of Asia to North 
America and Europe, but he met only rebuffs and ended by abandoning 
the field to those who opposed him. Later the present writer under- 
took to carry Suess’s method into the fields which he failed to reach, 
resulting not only in a wide extension of Suess’s interpretation, so as to 
cover the whole earth, but also in what is believed to be a very clear 
revelation of the nature of the cause of the continental movements—a 
cause, however, very different from that postulated by Suess. It soon be- 
came apparent that the causal force must be not local, but global in its 
action, and also, from the distribution of its effects in latitude and 
hemispheres, external in its origin. This result puts a narrow limit on 
the number and character of forces which we are at liberty to suggest as 
the cause of continental sliding, for any force which acts in the way indi- 
cated by the distribution of the Tertiary mountain ‘ranges must affect 
the whole earth ; it can not be of local origin. It ought to produce effects 
which are distinctly characteristic. Many facts supporting this inter- 
pretation are set forth in‘ the earlier papers mentioned above. 

Facts relating to the southern hemisphere are less abundant and less 
satisfactory, but they are not contradictory. In fact, the southern hemi- 
sphere stands clearly in close harmony with the northern and is its per- 
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SLIDING CONTINENTS AND MOUNTAIN-MAKING 1005 
fect complement in global symmetry and unity. This applies, of course, 
not to the particular physical features in the two hemispheres, for these 
differ widely, but to the action of the force and to the qualitative aspect 
of the crustal movements. 

It was pointed out in the first of the earlier papers that the plan of 
distribution of the Tertiary mountain ranges can not be explained by 
the theory of cooling and contraction of the earth from an earlier molten 
state (Laplace, de Beaumont, Leconte, Schuchert, e/ al.), or by any other 
form of global contraction (Chamberlin, Joly, e¢ al.), or by any internal 
cause whatever. Local causes postulated by various authors are no more 
competent (Reeds, the isostasists, et al.). None of these hypotheses ex- 
plain the chief characteristic of global distribution, namely, control by 
latitude and by hemispheres. 

So much for the nature of the causal force. As to the force itself, the 
chief phenomena in this field point unmistakably to an external cause. 
As stated in the earlier papers, the only available external cause is tidal 
force. Although the tidal force is probably too feeble in its direct action 
to be the cause of such results, it may produce them indirectly. What 

is the cause of the earth’s axial rotation? No one knows; astronomers 

admit that it is an unsolved problem. They have no explanation, except 

on the basis of hypotheses which are now known to be unsound. If we 

were permitted to believe that the earth’s axial rotation is caused by the 

tidal force through its action, not in the water tide of the ocean, but 
in the body tide of the planet, and if in consequence the rate of rotation 
is very slowly increasing—shortening the day, say, by a few minutes in 
each million of years—the corresponding progressive increase in the power 
of the centrifugal force which constantly affects the whole globe would, it 
is believed, be completely adequate to explain the sliding of the continents 
and the making of the mountains. The weight of the facts which support 
this interpretation is very great. For the present, therefore, the writer 
adheres tentatively to this view. Some further discussion of this theme 
may be found in the earlier papers mentioned above, especially in paper 


number 6. 
REEDs’s Map oF MILNE’s MAJOR EARTHQUAKE EPICENTERS 


During a residence of nearly twenty years in Japan, the late Prof. John 
Milne made a special study of earthquakes. About 1880 he organized a 
seismic survey and established 968 observing stations in that country. 
After returning to England in 1894, he continued to organize observa- 
tion stations in many parts of the world. Among other things, he made 
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a record of the location of the epicenters of all of the major earthquakes 
which occurred on the earth during a considerable period since the use of 
the seismograph became general. From Milne’s record, Dr. Chester A. 
Reeds * has plotted on a Mercator world map all of the major earthquake 
epicenters for the period 1899-1911, inclusive. This map, without 
change, is reproduced here as figure 1. The stippled zone represents the 
so-called Tertiary mountain belt on substantially the same lines as shown 
in Neumayr’s map of the “young mountain ranges” (Berghaus Physical 
Atlas, 1892), excepting the branch covering the eastern border of Aus- 
tralia, added by Schuchert in 1915. Reeds appends the following note 
on the margin of his map: 

“During the period 1899-1911 there were 276 major earthquakes which were 
sufficiently severe to be recorded at all seismological stations scattered over 
the world. Their epicenters are shown on the adjacent map as heavy dots. 
During the same period 679 additional earthquakes were recorded whose 
waves reached only half way around the earth. Their points of origin (not 
shown) had a distribution similar to that of the major quakes, particularly 
in the region of Japan. 

“The close association of recent earthquakes to the belts of sedimentation, 
dominant folding, and mountain uplift (shaded zones) during recent geological 
time (Cenozoic era) is very marked.” 


Although Dr. Reeds evidently appreciates the close relationship be- 
tween recent earthquakes and the Tertiary mountain belt, the fact may be 
emphasized that by far the greater number of the recent epicenters occur 
in the western part of the Pacific Ocean, and largely at such great dis- 
tances from the nearest ranges of the Tertiary belt as now recognized 
that definite association with any of them may seem doubtful. Some 
epicenters lie so far out from the nearest continents that even their conti- 
nental relations may seem uncertain, but they all lie nearer to Asia and 
Australia than to any other of the continents. Their distribution is be- 
lieved to have special significance with reference to these two continents.* 





* Chester A. Reeds: The Japanese earthquake explained. Natural History, vol. xxiii, 
no. 5, 1923, pp. 462-469. Map of epicenters on page 466. Reproduced here by per- 
mission. 

*Certain geologists and seismologists are inclined to place small value on Milne’s 
work and on the accuracy of his seismographs, and the strictures are such as might 
easily be construed to throw some doubt on the value of Dr. Reeds’s map. But, consider- 
ing the small scale and the purpose for which the map was made, it seems doubtful 
whether Milne’s inaccuracies are really serious. The meridians on Reeds’s map are 
drawn at 30° intervals, and as printed are half an inch apart. At the equator, there- 
fore, one inch on the map equals 60°, or about 4,155 geographical miles. The scale 
holds roughly true for 30° or a little more, both north and south from the equator, 
but toward the poles the surface is expanded and exaggerated more and more. The 
epicenters near Alaska and Kamchatka are near the 60th parallel, where distortion is 
considerable. With a hand-glass the black dots of the epicenters were found to be on 
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GENERAL DISTRIBUTION OF EPICENTERS 
GENERAL STATEMENT 


The record shown on the map covers only the thirteen-year period, 
1899-1911, inclusive, and takes no account of any quakes either before or 
after this period. It is interesting to note certain characteristics of 
their distribution. Most notable is the great concentration of epicenters 
in the western half of the Pacific Ocean, and the sharp contrast between 
the numerous epicenters of this area and the relatively small number 
which belong to western Asia and to Europe on the one hand and to 
the two Americas on the other. Assuming that the Tertiary mountain 
ranges were made in the manner outlined above, and that they are there- 
fore of continental and not suboceanic origin, it is evident that prac- 
tically all of the epicenters in the western Pacific belong to the eastern 
half of Asia and to Australia. It seems certain that, whatever the 
principal seismic force may be, it has found its maximum expression, 
within the period under consideration, in the western half of the Pacific 
Ocean. 

SIGNIFICANCE OF PATTERN MADE BY CERTAIN EPICENTERS 


A study of the tectonic lines of the western Pacific has revealed the 
fact that in the Dutch East Indies the lines of Asia and Australia come 
into sharp conflict, Asia in this part moving toward the south and east 
and Australia toward the north. The line of division can be located 
with a fair degree of accuracy. It is shown in figure 2, A, by the line 
BC. Structures north and west of this line belong to Asia, those south 
and east of it to Australia. The approximate place of this line among 
the epicenters of Reed’s map is shown in figure 2, B, which is slightly 
enlarged from Reeds’s original. But, although the epicenters are more 
numerous in the Dutch Indies, and especially east of New Guinea, they 
do not appear to show suggestive configurations, like those which are 
found in the Asiatic part of the northern Pacific. 

The most remarkable group of epicenters is seen in the region south 
of the Aleutian Islands. In this area, which belongs structurally to 
Asia, Reeds’s map shows nine epicenters arranged in the form of a 





the average about one-thirtieth of an inch in diameter, or equal to about 138.5 miles. 
Thus, if a dot were misplaced by as much as its own diameter on the map it would 
be roughly only abeut 140 miles out of place. An eighth of an inch on the map would 
equal more than 500 miles error in place. So small a scale can be properly used to 
represent only general relations and large facts. As I shall endeavor to show, how- 
ever, there are features in this map which constitute internal evidence of its general 
accuracy for the scale used—features which were certainly not in the mind of either 
Milne or Reeds. 
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broken or unfinished arc convex toward the south and spreading from 
about the same central axis as the Aleutian arc. These nine epicenters 
are not in the midst of a crowded area, like that east of New Guinea, 
but stand apart, quite free from entanglement with other groups. In 
order to make them a little more prominent on the map, I have drawn 
a light line through them, as shown in figure 2, B. This brings out 
more clearly the arcuate form which they take and shows a strongly 
sympathetic relation to the Aleutian arc. 

Assuming that Reeds has mapped the epicenters as accurately as pos- 
sible from the data furnished by Milne, the arcuate form shown can 
hardly be regarded as accidental; neither can it be attributed in any 
large degree to personal equation. One can not avoid the impression 
that the are form is there in spite of all the errors that may have been 
made. So far as known, neither Milne nor Reeds has made any com- 
ment on this group of epicenters, and it seems fair to assume that they 
did not see anything specially significant in it. Theoretically, the 
probability that nine epicenters out of twelve in this limited area 
(bounded by the are of epicenters shown in figure 2, B, and by the 
Aleutian are north of it) should have taken this arcuate form acciden- 
tally is infinitely small, and that they should have taken it in this par- 
ticular place, and with an almost perfect uniaxial relation to the 
Aleutian arc, is wholly improbable. The uniaxial relation and the 
roughly concentric relation of the curves of the Aleutian are and the 
are of the epicenters points unmistakably to the same general cause and 
process for both. This result, as mentioned above, constitutes strong 
internal and independent evidence of at least some degree of accuracy 
and reliability in Milne’s seismographs and in his observations. Such 
results could hardly be fortuitous, but seem to indicate clearly a genetic 
relationship. 

Figure 3 shows in a rough sketch the are of the epicenters and the 
Aleutian arc, along with the Bering Sea and contiguous parts of North 
America and Asia. The noticeable change in the form of the arc of 
the epicenters is due to the change of method in representation from 
Mercator’s projection in Reed’s map to the conic projectivun in figure 3.° 
The are of the Aleutian Islands is the greatest and most perfect of the 
festoon arcs of eastern Asia. It hangs like a necklace, swinging be- 
tween two points of support, and forms a nearly perfect circular arc 





5 The base of figure 3 was traced from Goode’s School Atlas, map of Alaska, pages 
22-23. In this map distortion increases toward the south, while in the same part of 
Reeds’s map on Mercator’s projection it increases toward the north. 
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(seen better on a globe). Its apex reaches south about to the fifty- 
second parallel of north latitude. The are of the epicenters, on the 
other hand, hangs more loosely, like the lower loop of a double necklace, 
and reaches down about to the fortieth parallel. From the eastern 
member of the Commander Islands five epicenters lie in a line running 
toward the south, the last two turning gracefully toward the east, as 
though starting on a curved course toward Alaska. To match these, 
four other epicenters extend out from Alaska on a line toward the 
southwest, as if to meet the others coming from the Commander Islands. 
Two or three gaps of moderate length remain, but the form of the are 
is so nearly complete that these gaps count for little. Indeed, they 
may even have been filled or partly filled by new epicenters in the period 
since 1911. If I were tracing the marginal moraine of a glacial lobe 
of the Wisconsin ice-sheet in the region of the Great Lakes and found 
as large a proportion of its arcuate outline as appears to be shown by 
the arclike pattern of the nine epicenters, I would have no doubt what- 
ever as to the character of the deposit and would have no hegitation in 
filling in the gaps tentatively by extrapolation. It seems impossible to 
doubt that the arcuate pattern of the nine epicenters corresponds to 
some kind of arc-making force acting in the earth’s crust beneath the 
deep ocean. The other two epicenters on the Alaskan side seem to 
branch off on another curve passing nearer to the Aleutian arc. 


RELATION OF CERTAIN PACIFIC EPICENTERS TO THE NEWEST MOUNTAIN 
RANGE 


A further interesting relation is seen in the fact that the four epicen- 
ters in the Alaskan side of the are fall into a line pointing north-north- 
east on the trend of the present outermost mountain range of Alaska 
produced. This range carries the Kenai Peninsula, Kodiak Island, and 
the Trinity Islands to the southwest. In North America this is the 
Coast Range, the newest of our Pacific Mountains. (In California it is 
a closely set group of ranges.) So far as now, known, it fades away as a 
physiographic feature on the ocean floor southwest of the Trinity Islands, 
but its trend appears to be continued perfectly in the line of the four 
epicenters. It is the same as if some mysterious and powerful designer, 
working from beneath the ocean floor, which in this region is submerged 
15,000 to 18,000 feet, were pricking out the design of a new and lower 
hanging Aleutian festoon, like the lower loop of a double necklace. It 
is hard to believe that there is no genetic relationship between the are 
of the epicenters and the Coast Range of North America, as shown in 


figure 3. 
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Another remarkable line of epicenters runs directly north from the 
western part of the Marshall Islands (figure 2, B). About at the 
thirtieth parallel of north latitude this line curves gracefully eastward. 
Standing opposite the line from the north, the two eastward-curving 
parts form a symmetrical figure like the entrance to a great estate. The 
gap is six or seven degrees wide. The meaning of this line is not yet 
clear. It seems impossible to associate it with North America or with 
northeastern Asia, and it is clearly out of harmony with the tectonic 
lines of Australia. Lying, as it does, east of Japan and east of the 
newly formed Marianna festoon arc, it seems more probable that it is 
related to central eastern Asia. According to the Japanese geologist, S. 
Tokuda, the Marianna arc is growing by horizontal pressure from the 
west.® Reeds’s map shows a well defined line of epicenters extending out 
on the Marianna are from each end, apparently showing growth now in 
progress. There are a few other suggestive groups of epicenters—south- 
west of Sumatra and western Java, a short arc east of Formosa convex 
eastward, a double line running eastward from the north island of New 
Zealand, and three pronounced clusters east of New Guinea—but their 
relations are not so clearly defined as are those of the northern group de- 
scribed above. ' 

The fact that so many epicenters appear to belong to Australia is 
rather surprising, for the status of Australia had seemed obscure. Its 
development in the Tertiary diastrophism was thought to be weaker than 
that of the two Americas, but the telltale seismograph shows it to be 
almost as active as southeastern Asia. This seems to show that a much 
greater crustal mass than the existing visible Australia—probably two 
or three times as great, and extending undersea to or beyond the New 
Guinea-New Zealand line and perhaps also some distance to the south— 
is involved. Reeds’s map shows great seismic activity in a broad belt 
outside of the New Guinea-New Zealand line, all probably belonging to 
Australian diastrophism. 

Viewing Reeds’s seismic map broadly, we see that during the thirteen- 
year period which it records Europe and Asia west of the east end of 
the Himalaya range were in a relatively quiet state; that the Americas 
were more active, but that their activity was restricted mainly to limited 
areas, and that the great preponderance of major seismic records occurred 
in the Pacific Ocean off southeastern Asia and off northeastern Australia. 





®S. Tokuda: “On the echelon structure of the Japanese archipelagoes.” Japanese 
Journal of Geology and Geography, vol. v, no. 1-2, 1926-7, pp. 41-76; also, “On the 
Shichito-Marianna-Halmahera arc.” Geographical Review of Japan, vol. iii, no. 4, April 
1, 1927 (in Japanese), figure 1. 
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In western Asia and in Europe the southward-sliding crust sheet appears 
to have met heavy resistance in the older masses of India, Arabia, and 
Africa, and as a consequence the diastrophic activity in those parts was 
considerably damped. North America shows very few epicenters, ex- 
cepting in three clusters—one off southeastern Alaska, one off Lower 
California, and one off southern Mexico. South America, including the 
Caribbean and Isthmian regions, shows only two clusters—one off 
Ecuador and Colombia and the other off southern Peru, Bolivia, and 
northern Chile. But while these groups are larger, they are both more 
scattered than those of North America. The development of well de- 
fined clusters of epicenters like these in so short a period of time seems 
to reveal special seismic activity—more intense diastrophism—on cer- 
tain sectors of the continental front than on others. After all, the most 
amazing aspect of the epicenters shown on Reeds’s map is the fact that 
the story which they tell is the product of only thirteen years of work on 
the part’ of the diastrophic forces—forces made up of epeirogenic and 
orogenic factors working together, the latter, however, being almost en- 
tirely a local resultant of the former. One wonders keenly what would 
be shown by the plotting of the major epicenters of a similar period since 
1911. It is to be hoped most earnestly that Dr. Reeds will soon make 
another map on the data of this later period. 

If the plotting of epicenters for the later period suggested shows a 
general repetition of the same groups and clusters of epicenters, it will 
go some way toward confirming the work of Milne and Reeds, for it 
will repeat the evidence that diastrophism is most active in those par- 
ticular areas. If more epicenters should appear in the arc of the epicen- 
ters (figure 3), and especially if they filled or partly filled the gaps 
shown in Reeds’s map, it would greatly strengthen the conclusion that 
an arcuate form of some kind is being made on the ocean floor. The 
fact that the arc imperfectly marked by the nine epicenters appears to 
form a perfect continuation of the trend of the Coast Range produced 
from Alaska constitutes a further valid reason for postulating tentatively 
a very close physical connection between the earthquakes of the epicenters 
and the growth of the mountain range in the trend of which they lie. 

In North America seismic activity in the period recorded by Reeds’s 
map was not nearly so great in the older Tertiary ranges—the Rocky 
Mountains and the Sierra Nevada-Cascade Range—as it was in the 
Coast Range, which is the newest of the three. The little groups of 
epicenters close offshore do not appear to indicate the formation of a 
separate mountain range newer than the Coast Range, but rather to be 
related to the growth of the Coast Range itself. From the northern 
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border of the United States to central Alaska, the three main ranges of 
the Tertiary group maintain a rather closely parallel relation; but from 
central Alaska westward they spread rapidly to more than three times 
their normal space width in North America. 

The correlation of the Tertiary mountain ranges in the different con- 
tinents gan not be entered into here. It will suffice to point out the 
fact that the Rocky Mountains appear to find physical continuity and 
probably a general correlative in time in the Endicott Range of Alaska 
and in the Stanovoi Mountains in Siberia. Both in large part originally 
older, these ranges were, nevertheless, considerably affected by the earlier 
part of the Tertiary diastrophism. Then came the Sierra Nevada-Cas- 
cade epoch of mountain-making, producing a great range which appears 
to be physically continuous with the Alaskan Mountains of Alaska, with 
the submerged range of the Aleutian festoon arc, and apparently with 
all of the other great festoon arcs of eastern Asia. In North America 
this leaves only the Coast Range without westward continuation or iden- 
tification beyond the Trinity Islands, unless it be in the arc of the epicen- 
ters south of the Aleutian arc, as shown in figure 3. The Coast Range 
probably appears also in certain other lines and groups of epicenters in 
the western Pacific. 


DISTRIBUTION OF VOLCANOES 


The activity of volcanoes is generally intermittent and in the aggregate 
covers a relatively long period of time. For them Reeds’s map has much 
less significance; Neumayr’s base (the stippled belt on Reeds’s map) 
shows the main facts of distribution. If one confines attention to the 
period of time covered by the making of the Tertiary mountain belt, 
it is evident that, in a general way, the distribution of volcanoes is nearly 
the same as that of earthquakes. This is shown by Joly’s* map of 
“Modern and Late Tertiary volcanic activity.” If all the volcanoes and 
lava flows which he shows as occurring in the Tertiary mountain belt 
were wiped off the map, almost the only large volcanic deposits remain- 
ing would be those in eastern Africa, Siberia, and Iceland. Smaller 
areas are widely scattered. Those in eastern Africa are probably re- 
lated to the great Tertiary rifts. Strictly speaking, earthquakes are 
not the cause of voleanoes, nor are volcanoes the cause of more than 
local earthquakes, but sliding continental crust-sheets, which cause moun- 
tain folds and great deep faults and fissures in the crust, are the cause 





7 John Joly: The surface history of the earth, 1925. Large colored map at end of 
volume, 
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of both. It was observed by Suess and others fifty years ago that in the 
mountain ranges of the festoon arcs of eastern Asia volcanoes occur only 
in the rear, or concave, parts of the arcs, and are never found in the 
front, or convex, part nor in foredeeps. It might be thought that the 
volcanoes of the Fuji chain, west and southwest of Tokyo, are a marked 
exception; but Tokuda * points out that they belong not to the are of 
Old Japan, but to the new Shichito-Marianna arc, which is breaking 
through the older arc, and that the new development has caused many 
volcanoes to break out in the western part of central Japan. This is 
shown in an earthquake and volcano map of Japan made by Davison and 
reproduced by Reeds in the paper quoted above (page 462). Daly ® 
also reproduces this map and Reeds’s map of the major epicenters. 


CoNCLUSION 


The discussion of major earthquakes in the 13-year period 1899-1911, 
inclusive, as deduced by Reeds from data supplied by Milne, shows that 
in this period there was a well marked proponderance of earthquakes 
along the Tertiary mountain belt, but it shows even more clearly that 
the greatest seismic activity occurred on or near the Coast Range or its 
correlative, which is the youngest of the Tertiary ranges. While the 
place of the Coast Range or its correlative in the western Pacific is not 
yet fully determined, it seems probable that the most clearly defined 
lines of epicenters—the are south of the Aleutian Islands and the line 
running north from the Marshall Islands—mark its place in those parts. 

On the other hand, it seems certain that the Aleutian arc and all of 
the other festoon arcs down to and including the Philippines belong to 
the Sierra Nevada-Cascade climax of orogeny, and that this line finds its 
continuation in the line passing through New Guinea, New Caledonia, 
and New Zealand of the Australian system. If this interpretation of 
the epicenters and of the relative ages of the main Tertiary ranges is 
true, then it is worth noting that much the larger number of the major 
epicenters of the western Pacific, as shown on Reeds’s map, lie outside of 
the Sierra Nevada-Cascade line, in the space between it and the assumed 
place of the Coast Range correlative line. It seems probable, therefore, 
that these earthquakes belong to the Coast Range episode of orogenic 
activity rather than to either of the older lines. The location of the 
main area of activity in the western Pacific seems to be due to the 
present sliding of the crust-sheet of Asia toward the southeast and of 





8 First paper by Tokuda referred to above. 
.°R. A. Daly: Our mobile earth. 1926. 
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that of Australia toward the northeast, Wegener’s postulated westward 
drift of Asia and Australia to the contrary notwithstanding. 

Many geologists divide the Tertiary mountain belt into “Pacific” and 
“Mediterranean” sections. But this classification is purely descriptive 
and is erroneous from a genetic point of view. The belt should be classi- 
fied by hemispheres into northern and southern sections, corresponding 
to their genetic relationships. 
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INTRODUCTION 


The Sierra Nevada is an approximately north-south trending moun- 
tain range which lies in eastern California. It is about 450 miles long 
and has a width of about 75 miles (figure 1). It is flanked on the west 
by the San Joaquin and Sacramento valleys, the average elevation of 
which is only a few hundred feet. On the east it is bordered by the val- 
leys of the Great Basin, most of which are more than 3,000 feet above 
sealevel. The average elevation of the crest of the Sierra Nevada is per- 
haps 9,000 feet, but it includes several peaks that rise to heights exceed- 


1 Manuscript received by the Secretary of the Society September 7, 1926. 
2Introduced by Bailey Willis. 
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Ficure 1.—Map of portion of California 
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ing 14,000 feet. Bear Mountain and the Tehachapi Range, often spoken 
of as southern parts of the Sierra Nevada, are regarded as separate struc- 
tural entities and are therefore not included in this discussion. 

This paper presents a brief description of a series of escarpments which 
extend along the southwestern flank of the range from near the Merced 
River southeastward to Tehachapi Creek, near the southern end of the 
range, a distance of about 170 miles. The conclusions presented are 
results of a rather rapid reconnaissance of an extensive and complex 
area, but the observations so strongly indicate that an important fault 
system extends along the southwestern flank of the Sierra Nevada that 
it seems worth while to invite attention to the escarpments in the hope 
that further work may be done to make them better understood. 

As the Sierra is a complex batholith intruded into pre-Tertiary rocks 
which were intensely folded prior to the intrusion, a knowledge of the 
locations and the attitudes of the individual masses of these old rocks is 
of but little assistance to one who is attempting to learn the nature of 
the Tertiary and post-Tertiary deformations. In this examination, 
therefore, the only areal geologic work done was a general separation of 
metamorphic from plutonic rocks. This separation was made only so far 
as it served to distinguish topographic forms which had been materially 
influenced in their development by the superior resistance which many 
metamorphic rocks offer to erosion from forms that demand another ex- 
planation. 

The higher portions of the Sierra are believed to have been parts of a 
landmass since late Cretaceous time, and during this long interval the 
combined forces of diastrophism, erosion, terrestrial deposition, vulcan- 
ism, and glaciation have produced a topographic expression so complex 
that many years of painstaking study would be required for its complete 
interpretation. The escarpments here described, however, are such 
dominant features of the southwestern flank of the range that an attempt 
to interpret them, even without the aid of a complete knowledge of the 
regional physiography, seems justified. 


TOPOGRAPHY OF THE WESTERN SLOPE 


In his description of the northern part of the Sierra, Lindgren* makes 
three topographic divisions: the foothills, the main plateau or middle 
slopes, and the high Sierra. He writes: 


From the plains of the Sacramento Valley the first foothills of the Sierra 
rise rather abruptly. Except along the Central Pacific Railroad, where an 


* Waldemar Lindgren: The Tertiary gravels of the Sierra Nevada. U. 8. Geol. Survey. 
Prof. Paper No. 73, 1911. 
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easily eroded mass of granodiorite extends to the plains, the valley is bordered 
by a series of ridges parallel to the crest of the range, and rapidly attaining 
elevations of 1,000 to 2,000 feet. The slope of the foothills is decidedly 
stronger than that of the range as a whole. 

At an average elevation of about 2,500 feet, the main plateau or middle 
slopes begin, characterized by the absence of longitudinal ridges and by a 
gentler undulating surface, in many places reduced to an even tableland, with 
uniform and slight westerly slope. Above the general surface of this plateau 
rise groups of rugged hills of more resistant material. 

An average elevation of about 6,000 feet marks the western boundary of the 
high Sierra, a region where the plateau-like character of the middle slopes 
becomes obscured and finally almost completely lost. High ridges and peaks, 
in places longitudinally arranged, here rise above the snowline. 

Through all three of these divisions the torrential streams have trenched 
deep canyons, V-shaped and extremely abrupt in the lower two divisions, but 
usually more U-shaped and wider in the high Sierra. 


These three divisions are recognizable in the southern portion of the 
Sierra, but there the topographic development in each of them calls 
for a description somewhat different from the foregoing quotations. 

In a previous topographic cycle the surface of the foothill belt of the 
southern Sierra attained a condition of topographic old age. Uplift, 
probably aided by climatic influences, caused an increase in stream 
activity, so that the old surface is now deeply dissected, but between the 
courses of the principal streams large areas of this surface remain 
almost untouched by that erosion. 

Where the flank of the range is composed of granitic rocks and late 
diastrophic activity has been slight, the rolling foothills carved in the 
sediments of the valley grade evenly into the rounded forms developed 
on the granite. Where the more resistant of the metamorphic rocks are 
present, they stand somewhat above the surface of the plutonics or pro- 
trude through the sediments, forming either ridges or peaks, according 
to the forms and attitudes of the rock masses. In slightly disturbed 
areas the average slope of the foothill belt is distinctly less than that 
of the range as a whole. 

The main plateau in the southern portion of the Sierra is sharply 
separated from the foothills by the escarpments here described. Who- 
ever travels eastward through the foothills on almost any road finds his 
path to the main plateau barred by bold and steep slopes or cliffs, which 
at some places tower above the foothills like the battlements of gigantic 
citadels. After climbing such an escarpment one encounters a “gentler 
undulating surface” similar to the older surfaces of the foothills. It is 
characterized by rounded hills and broad valleys of gentle gradient, with 
a deep cover of residual soil, and most of this surface is or has been 
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heavily forested. On most roads the traveler crosses a strip of this ter- 
rain that is only a few miles wide before he is forced to climb another 
steep escarpment in order to continue his journey. The surface which 
is then seen stretching eastward is quite like the interscarp strip in 
general characteristics, but is somewhat more rugged, and where it is not 
interrupted by a third escarpment this surface gradually acquires greater 
relief until, at an average elevation of perhaps 8,000 feet, it joins the 
high Sierra and, gaining relief with elevation, becomes at timber line 
(about 10,000 feet above sealevel) a region of jagged, frost-cracked 
peaks and knife-edged ridges. The valleys of the high Sierra are dis- 
tinctly U-shaped, having been but recently vacated by the glaciers that 
sculptured them. 

The main plateau is an ancient, subdued, topographic surface, which 
is now incised by an extensive system of canyons in which several stages 
of cutting may be detected. The outer canyons are broad and open 
and are difficult to separate from the older surface. Within and below 
these earliest canyons are two or more younger gorges, each successively 
narrower than its predecessor. In their deepest portions the canyons are 
now more than 3,000 feet below the remnants of the subdue surface. 


THE ESCARPMENTS 
CHARACTERISTIC FEATURES 


The escarpments that interrupt the continuity of the western slope of 
the southern Sierra (figure 1) are believed to be eroded fault-scarps 
produced during the uplift of the range. The faults are thought to be of 
the “normal” type, with downthrow of the southern or the western 
sides. At a few places there are indications of faults having the opposite 
throw, but they are not so well defined and will not be discussed. 

The characteristics which seem to differentiate these scarps from the 
other steep slopes of this deeply dissected mountain chain, and to indicate 
that they are fault-scarps, are tabulated below. 

1. Certain portions of these escarpments separate areas of similar 
topography now situated at widely different elevations. 

2. In other localities they effect a more or less linear separation be- 
tween areas where the processes of earth sculpture are now producing 
markedly different effects, and such contrast does not appear to be ade- 
quately explained by differential lithology or normal development of 
drainage on a uniform slope. 

3. Many of the escarpments expose fresh rock, which contrasts 
strongly with the deeply decayed terrains above and below. 
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4, The interstream spurs that flank some of the highlands terminate 
along a nearly linear zone, the trend of which is indifferent to lithology 
and is not satisfactorily explained as a result of stream corrasion. 

5. At one place the interstream ridges of a very steep slope which 
flanks a highland display a series of benches so arranged that each bench 
aligns with similar benches on adjacent ridges. 

6. Approximately where the lines of these escarpments would cross 
their courses some large streams abruptly leave deep, youthful gorges 
and flow in broader and shallower canyons. 

7. Where streams of moderate size cross the line of an escarpment 
they commonly occupy steep, youthful gorges for a short distance above 
the line, although their courses both above and below such gorges dis- 
play characteristics indicative of greater age. 

8. On escarpments which appear to be but little reduced by erosion 
there are numerous straight, narrow gullies of high gradient and some 
hanging valleys. 

9. On the East Fork of the Kaweah River (the only place where such 
data were collected) the terraces preserved on the canyon walls appear 
to converge, in each interscarp zone, on the present stream course in an 
upstream direction, indicating that the vertical corrasion was stimulated 
by uplift of separate blocks without notable westward tilting. 

10. On the faces of a few of the escarpments there is evidence of 
landsliding, showing that the scarp was formerly steeper than the natural 
angle of rest of the intricately jointed material. 

11. In a few localities the rocks at the base of the escarpments display 
notable crushing effects. 


GROUPS AND ZONES OF ESCARPMENTS 


General statement.—The observed escarpments fall into three geo- 
graphic groups, within which they are separable into more or less 
parallel zones. The groups are: 

1. A group of northwest-trending escarpments lying north of the 
Kaweah River and extending nearly to the Merced. 

2. A group of north-trending escarpments extending southward from 
the Kaweah River nearly to the Kern. 

3. A group of northwest-trending escarpments in the vicinity of the 


Kern River. 

The locations of the scarps are indicated on figure 1 by heavy broken 
lines. These scarps could be shown far more satisfactorily on portions 
of the United States Geological Survey topographic maps of the Sierra, 
but since reproduction of these maps would be impracticable, the scarps 
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have been individually described and references given, so that interested 
readers may locate them precisely on the topographic maps. 

Scarps north of the Kaweah River—tThe scarps north of the Kaweah 
River occur in four rather distinct zones, three of which trend northwest. 
The fourth makes an angular pattern trending partly north and partly 
northwest. 

Pilot Peak-Shaver Lake zone.—The most extensive of these zones is 
the most northerly. Along it an irregular but more or less continuous 
displacement of the older surface of the Sierra may be traced from a 
point several miles north of Pilot Peak (Mariposa Quadrangle, township 
6 south, range 21 east), southeastward for about 40 miles to Shaver Lake 
(Kaiser Quadrangle, township 9 south, range 25 east). A continuation 
of this zone farther southeastward is suggested by a very striking scarp 
near the North Fork of Kings River (Dinuba Quadrangle). Northeast 
of this zone the ranges rise abruptly to an average elevation more than 
1,000 feet greater than that of the lands to the southwest. .The subdued 
topography which occupies the upper surfaces of the more elevated ter- 
rain is very similar to that which lies immediately southwest of the line 
of escarpments. 

These two areas, which are of similar topographic form but of widely 
different average elevation, are separated by the “en echelon” chain 
of steep slopes which are believed to be much degraded fault-scarps. 
Erosion has almost completely deprived these escarpments of cliff-like 
character, but locally they still retain slopes of 1,000 to 1,500 feet per 
mile, and the zone as a whole is so much less soil-covered than the adja- 
cent lands above and below and marks so notable a discontinuity in the 
slope of the range that it seems only to be explained as a zone of faulting. 
Furthermore, the small canyons that cut back into the highlands are 
the deep, short gashes characteristic of streams which cascade from the 
margins of an elevated block, not narrow grooves of uniform slope, 
such as are cut in the northern Sierra by streams rejuvenated by regional 
tilting. 

Streams which drain but little territory northeast of the zone cross 
it in narrow, steep channels, although many of them occupy broader, 
gentle valleys both above and below. The larger streams that traverse 
the zone have enlarged their canyons for some distance above the scarps, 
but within a mile or two upstream most of them flow for a short distance 
on an exceedingly steep gradient, above which they again occupy broad 
valleys. Even the canyon of the San Joaquin is notably narrower and 
deeper above the line of the scarps than below it. 
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Big Sandy-McKenzie Ridge zone.—About 8 miles southwest of Shaver 
Lake (Kaiser Quadrangle) is another topographic discontinuity, where 
two areas of subdued and deeply decayed topography are separated by a 
bold and steep escarpment. This scarp, known as Big Sandy Bluffs 
(Kaiser Quadrangle, township 10 south, range 23 east), is a cliff of 
bare rock which rises more than a thousand feet above the floor of Big 
Sandy Valley. In places the slope of the scarp is as great as 2,500 feet 
per mile. Above the cliff the bluffs slope upward less precipitously to 
the comparatively flat top of Bald Mountain, which appears to be a part 
of the gentle topography which lies adjacent to Shaver Lake. South- 
west of the scarp a gently rolling topography (above which stand some 
remnant elevations) extends westward to meet the smooth slopes of the 
San Joaquin Valley. 

The southeasterly extension of this zone (Dinuba Quadrangle) is a 
discontinuous line of escarpments having a total length of about 40 
miles. The most notable scarps appear on the southwestern flanks of 
Oat Mountain (township 12 south, range 25 east), Luckett Mountain, 
Pine Mountain (township 13 south, range 27 east), and McKenzie 
Ridge (township 13 south, range 27 east). 

The terrain northeast of this zone is generally 500 to 1,000 feet 
higher than the adjacent areas to the southwest and many of the streams 
that cross the zone flow from broad valleys in their headwater portions 
through narrow canyons near the line of scarps into other broad valleys 
on the downstream side of the scarps. 

Hughes Mountain-Drum Valley zone.—A zone of scarps roughly paral- 
lels the Big Sandy-McKenzie Ridge zone, lying 4 to 6 miles southwest 
of it. In this region the topography is unusually difficult to interpret 
on account of the presence of numerous large and irregular masses of 
metamorphic rocks, which persistently stand high and maintain steep 
scarplike sides. 

This part of the Sierra slope has been reduced to topographic old age 
and is characterized by broad, flat-bottomed valleys, some of them partly 
filled with alluvium. These valleys are separated by narrow ridges, many 
of which are composed of masses of resistant rock. 

In plan the courses of the streams show that the drainage is rather 
well adjusted to the geologic structure, but profound irregularities in 
the stream profiles indicate recent tectonic changes, to which the streams 
have not yet become adjusted. 

Along this zone there are several small, flat areas and benchlike strips 
having nearly level surfaces, which now stand about 500 feet above the 
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level of broad valleys with which the flat areas appear to have been 
once connected. A steep but rather irregular escarpment separates 
each valley from what appears to be an elevated fragment of it. In this 
zone the escarpments at many places expose bare rock and evidence of 
landslides may be seen. Where road cuts or canyons afford good ex- 
posures, zones of intense crushing appear below the scarps. 

One of the best exposures of a scarp belonging to this zone is on 
Kings River, on the southwestern face of Hughes Mountain (Dinuba 
Quadrangle, township 12 south, range 24 east), and farther southeast, 
across the river. The downward corrasion of Kings River has produced 
gullies along the foot of the scarp, so that it should perhaps be classed as 
a fault-line scarp. A large quantity of loose debris has collected against 
the foot of the slope, and on the face of Hughes Mountain there is one 
landslide which has not yet reached the base of the scarp. The removal 
of talus from the foot of the cliff south of the river has left a small stream 
occupying a hanging valley. Crushing phenomena are also visible along 
this scarp. 

Southeast of Hughes Mountain a serious uncertainty in the interpre- 
tation of the topography is introduced by Dalton Mountain and the two 
3,400-foot peaks west of it (township 13 south, range 25 east). These 
mountains are composed of a dense metamorphic rack, and its resistance 
to erosion has probably controlled the development of the topography, 
perhaps even to the extent of nullifying the effects of important tectonic 
events. 

The scarp along the eastern side of Squaw Valley (township 14 
south, range 25 east), seems to be a fault-scarp, and its continuation as 
far as the north edge of Drum Valley (township 15 south, range 26 
east) seems to demand a similar interpretation. 

Wildeat Mountain zone.—This is the fourth of the zones of escarp- 
ments that make up the group north of the Kaweah River. It is best es- 
tablished southwest of Wildcat Mountain, where scarps may be seen*which 
display excellent evidence of faulting. These scarps are less than 200 
feet high. Their upper parts are composed of fresh granite that has 
been broken into great slabs and splinters, some of which have slid down 
the slope and others are just cracking loose from the upthrown block. 
Many of these incompletely detached splinters have weathered surfaces 
that show how the pieces fitted together before they were displaced. 
Some of these blocks have slickensided surfaces. These two faults trend 
nearly northward and are the only actual faults seen in this zone. The 
others shown on the map are suspected from the nature of the topog- 
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raphy and from the contact between the young sediments and the 


crystalline rocks. 

Scarps between the Kaweah and Kern riwers.—In the vicinity of the 
North Fork of the Kaweah River the major structural trend of the 
Sierra changes from northwest to north. Three principal zones of 
escarpments extend southward from this region. The major scarps of 
all these zones trend approximately north, but associated with them are 
lesser scarps, some of which trend northwest and some northeast. 

Ash Peaks-Blue Ridge zone-—The most westerly of these zones has been 
traced from the western end of Ash Peaks (township 16 south, range 29 
east) southward to the southern end of Blue Ridge (township 10 south, 
range 29 east), a distance of about 18 miles. The displacement along this 
line indicated by the average elevation of peaks on the two sides of the 
zone is over 2,000 feet. The most recent part of the total displacement, 
Which is indicated by the offset of what appears to be parts of the same 
topographic surface, is about 1,000 feet. All parts of this zone of scarps 
have been more or less reduced by erosion, but their diagnostic features 
have not been entirely destroyed. The canyons of the main streams be- 
come much wider immediately west of the places where they cross the 
zone. The subdued topography which crowns Blue Ridge is notably 
truncated along its western margin, and about 1,000 feet below this 
margin some of the flanking ridges bear on their summits a subdued sur- 
face similar to that on the top of Blue Ridge. Between these two soil- 
covered areas the scarp has a slope of 1,500 to 2,000 feet per mile and is 
composed of bare rock or is very lightly soil covered. 

Paradise Ridge-Cow Mountain zone.—The most extensive of the zones 
of escarpments in this part of the Sierra is about 30 miles long, extend- 
ing from a place just south of Paradise Ridge (township 17 south, range 
30 east) southward to Cow Mountain, in the northwestern part of the 
Tule River Indian Reservation. Viewed from a proper vantage point, 
it is one of the most striking features of the western flank of the Sierra. 
Any geologist who will climb une of the small peaks west of Springville 
(on the Tule River, Kaweah Quadrangle) and view the magnificent 
escarpment that borders the lofty mountains to the east will, no doubt, be 
convinced that faulting has played an important part in the formation 
of that range. The terrain east of the scarp stands about 3,000 feet 
higher than that which lies west of it, and on the lower western lands 
a topography in the beginning of old age contrasts strikingly with the 
deep, youthful gorges that are now being cut into the lofty mountains to 


the east. 
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Along most of the western flank of the Sierra the scarps can not easily 
be recognized in the canyons of the largest streams, but the Tule and the 
Kaweah River confirm the impressions gained from study of the inter- 
stream areas. 

There is a marked change in the nature of the canyon of each fork of 
the Tule River near the Paradise Ridge-Cow Mountain zone. East of 
this zone the streams occupy narrow, deep canyons; west of it they flow 
in wide valleys. 

The theory of faulting in both the above zones is supported by the dis- 
position of the terraces on the canyon walls of the Kaweah River (figure 
2). On the East Fork of the Kaweah and below its mouth, in the canyon 
of the main stream, there are numerous fragments of terraces which 
record former levels of the river. Most of these were located on a 
topographic map, and an attempt was made to correlate them. When 
they were plotted in the same plane with the profile of the present stream 
bed it became apparent that the canyon is composed of three segments, 
each with a distinct history of development. In each segment two or 
three former levels can be distinguished with fair certainty, but the 
vertical intervals that separate successive levels are notably different in 
each segment. In the lower canyon the terraces and the present stream 
bed are close together. The intervals are markedly increased in the next 
segment upstream, and still more so in the headwater segment. In each 
segment of the canyon the slopes generated by ‘connecting the terraces 
are less than that of the present profile of the stream, so that all converge 
in an upstream direction, indicating that the canyon has been cut down 
by reason of the differential uplift of three separate blocks without much 
westward tilting. The points of separation of the three segments of the 
canyon correspond closely to the places where the lines of the escarp- 
ments would cross the river. 

Deer Creek and Pine Flats-Green Horn Mountain Scarps.—No topo- 
graphic map is available for the quadrangle that covers the western mar- 
gin of the Sierra between the Tule River and the Kern River, and the data 
collected in this region are therefore much more uncertain than those 
collected in the parts of the range where observations could be accurately 
located and visual impressions checked by the aid of contour maps. 

For about 15 miles before it leaves the Sierra and enters the San 
Joaquin Valley, Deer Creek has an unusually straight course. The lower 
portion of this straight channel is a relatively broad valley, but the 
upper portion is a narrow gorge with very youthful characteristics. It 


is believed that the course of this young canyon is controlled by the 
* 
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existence of a northwest trending fault, for the mountain northeast of 
the canyon rises very steeply from a moderate slope which lies southwest 
of the stream. Intense crushing was observed in the granite at several 
places in the canyon, but the fault could not be precisely located. 

Deer Creek heads in a gently sloping amphitheater-like valley known 
as Pine Flats. The streamlets which enter Pine Flats from the sur- 
rounding peaks meander over its surface and, after coalescing, plunge 
down a steep slope for several hundred feet into the valley of California 
Hot Springs. This valley is U-shaped and is of gentle gradient for a 
mile or more below the springs, but farther downstream Deer Creek 
occupies a rather youthful gorge for many miles. The steep slope which 
separates Pine Flats from the valley of California Hot Springs is be- 
lievedsto be a part of the third northward-trending escarpment of the 
group between the Kaweah and Kern rivers. 

The southward continuation of this scarp is the steep western flank 
of Greenhorn Mountain, which rises precipitously some 2,000 to 4,000 
feet above the alluviated valley of Poso Creek, which parallels the base 
of the mountain. The general configuration of this slope suggests that 
it is an eroded fault-scarp, and the spurs which lie between the young 
streams now dissecting it are interrupted by steplike declivities that stand 
approximately in line, suggesting distributed faulting. 

Lawson * believes that the eastern flank of Greenhorn Mountain is the 
degraded scarp of a nérthward trending fault with downthrow on the 
east, and that the course of the Kern River is in part controlled by a 
fault trending nearly northward. Willis and Tolman® report that the 
faults of the eastern flank of the Sierra in this latitude also trend nearly 
northward. Thus it appears that the northward trend of this part of the 
range was determined by the direction of the major fractures. 

Scarps in the Vicinity of Kern River—In the vicinity of Kern River, 
near the contact between the crystalline rocks and the Tertiary sedi- 
ments, there is a series of nearly parallel faults that trend northwestward. 
Some of these faults have been described by other writers, and they are 
mentioned here chiefly to complete the description of the system of scarps 
which flanks this part of the Sierra. 

Three of these faults have been rather clearly recognized and the 
existence of a fourth is suspected.. The best-known fault of this group 
is at the mouth of Kern Canyon. It was referred to by Gilbert * and re- 





*Andrew C. Lawson: The geomorphic features of the middle Kern. Univ. Calif. 
Publ., Bull. Dept. Geol., vol. 4, no. 16, 1906. 

5 Personal communication. 

®°G. K. Gilbert: Unpublished manuscript, 1919. 
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cently described by Blackwelder,’ who points out the fact that the visible 
scarp is not a surface revealed by displacement but a part of the fault- 
plane, composed of crystalline rock from which erosion has cleared away 
the sediments that were faulted against it; in short, it is a fault-line 
scarp. 

South of this fault is another one, which is traceable as a zone of 
intense disturbance in the sediments from Cottonwood Creek to the 
mouth of Caliente Creek Canyon. Southeast of this point it is believed 
to lie in Caliente Creek Canyon. 

North of the Kern River another fault is recognizable in the topog- 
raphy and in the course of the contact between the granite and the sedi- 
ments. A fourth is thought to exist farther northward. 

All these faults may be traced for short distances northwestward from 
the granite contact as zones of disturbance in the Tertiary sediments. 
In that direction their effect appears to die out. Their course south- 
eastward is lost in the topographic intricacies of Kern Canyon, Brecken- 
ridge Mountain, and the Tehachapi Valley. 

Subordinate scarps.—The topographic features at several places along 
the western flank of the range indicate the presence of other faults that 
are related to but not essential parts of the major systems. These sub- 
ordinate faults are not here considered because a discussion of them 
should be preceded by more detailed study. 


GENERAL FORM OF THE SOUTHERN SIERRA 


A generalized contour map of the southern part of the range was made 
by connecting outstanding points of equal elevation and neglecting so 
far as possible the effects of erosion (figure 1). This map shows that 
the highest peaks of the Sierra are confined to a relatively short and 
narrow strip near Mount Whitney, and that the range slopes downward 
from that strip in every direction. 

The impression gained from this map is that the Sierra Nevada is an 
elongated, asymmetrical, domelike swell that plunges abruptly south- 
ward and gently northward. Transverse profiles of the range selected to 
show the more extensive remnants of the subdued surface distinctly sug- 
gest that it has been gently arched. 

The faults that interrupt the continuity of the surface are so widely 
distributed that they may be interpreted as features of the uplift rather 
than as marginal faults bounding an uplifted block. This interpretation 





7 Eliot Blackwelder: Unpublished manuscript read before the Geological Society of 
America, January, 1926; personal communication. 











1030 3B. F. HAKE—SCARPS OF SOUTHWESTERN SIERRA NEVADA 


is especially strengthened if we include in the picture the faults recog- 
nized by other workers in the interior of the range and along its eastern 
margin. 

StrRucTURAL HYPOTHESIS 


Any hypothesis advanced to explain the structure of the Sierra Nevada 
must account for the apparent domelike form of the southern part of the 
range, the normal faulting on both its margins and locally in its interior 
(from which a condition of tensional stress is inferred), the apparently 
nearly uniform westward tilting of the northern part of the range, the 
eastward migration of the crest of the range described by Lindgren,® 
and the double crest of the range south of the Kings River. 

Following Willis’s suggestion ® that crustal tension has been caused by 
an upwarp produced by deep-seated forces, it seems possible to account 
for these phenomena in a reasonable manner by the following hypothesis: 

Deep-seated earth forces directed vertically upward caused the Tertiary 
uplift of the range to begin as a gentle swell or upwarp. This lifting 
of the crust first produced a range with a crest line somewhat west of 
the present divide, probably in about the location of the ancient peaks 
described by Lindgren, and continuing southward in the vicinity of the 
present Great Western Divide, which separates the Kings, Kaweah, and 
Tule rivers from the Kern. About the beginning of Quaternary time, 
after the range had attained a considerable height and an advanced stage 
of topographic development, tension produced in the upper crust by 
further upwarping caused fracturing and readjustment by normal fault- 
ing. This faulting was more profound on the eastern flank of the up- 
warp than on the western,and by virtue of the greater uplift on the east 
the divide was made to migrate eastward. Displacement on the eastern 
flank was localized in a narrow zone, in which the great eastern scarps 
were formed. As the uplift was much less in the northern part of the 
range than in the southern part, the warping of the surface of the north- 
ern Sierra is not pronounced. The western fault system, being of 
smaller magnitude than the eastern one, either did not develop in the 
northern part of the Sierra or its effects are too minute to be readily 
detected among the grander topographic features produced by vigorous 
erosion on diverse rocks. 





8 Waldemar Lindgren: Op. cit., pp. 38-39. 
® Bailey Willis: La Force sismique en Californie. Société Géologique de Belgique. 


Manuscript, 1926. 
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INTRODUCTION 


This paper discusses the folding, in Carboniferous time, which resulted 
in the Ouachita, Arbuckle, and Wichita Mountains and the Llano-Burnet 
and Marathon uplifts (see figure 2). A new name, the Oklaiioma Moun- 





1 Manuscript received by the Secretary of the Society December 31, 1927. 
* Published by permission of Mr. E. De Golyer, President of the Amerada Petroleum 
Corporation of Tulsa, Oklahoma. 
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tains, is introduced. to designate all these ranges.* The Ozark Mountains 
are not included because they are essentially a part of a broad dome 
that extends from southeastern Missouri far west into Oklahoma, and 
that has undergone, uniformly, throughout its extent, broad periodic 
tilting and gentle folding unlike the sharp folding of the mountain 





O- PRESENT PENNSYLVANIAN UPLIFT 
<= BURIED PENNSYLVANIAN UPLIFT 


Figure 2.—Outline Map of Oklahoma and Tezras 


Map shows the principal mountain ranges exposed at the surface and those which have 
been found by the drill. 


masses on the south. Llanoris* is discussed because of its bearing on the 
folding of the adjacent mountains. 


*The Ouachita Mountain system of R. T. Hill (Physical geography of the Texas 
region, Top. Atlas U. S., U. S. Geol. Survey Folio No. 3, 1900, p. 3) included the 
Massern Ranges (now called the Ouachitas), the Arbuckle Hills, and the Wichita 
Mountains, Hill first described these mountains in the Annual Report of the Arkansas 
Geological Survey for 1888, vol. 2, 1888, p. 10. 

*Charles Schuchert has introduced endings in is for former land areas, in his “A 
Textbook of Geology,” part 2, revised edition, 1924. 
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Only the movements in Carboniferous time are considered. Earlier 
movements in southern Oklahoma, except, possibly, an upwarp of the 
western part of the Wichita Mountains, were of minor effect. In the 
Arbuckle Mountains the top of the Hunton limestone is in places missing 
and its absence indicates movement; in Texas there is a hiatus between 
the Silurian (Hunton?) and the Mississippian limestone (of Boone age) 
which indicates a movement in Llanoris, on the east. 

The earlier mountain systems were no doubt slightly different in posi- 
tion and configuration from those now existing. The Ouachita geosyn- 
clinal prism of accumulation, probably lay southeast of the present 
Ouachita Mountains. The beds were folded and afterward overthrust to 
the north. A hypothetical uplifted mountain mass, called the pre- 
Ouachita uplift, composed of rocks like those in the Arbuckle Mountains 
(or perhaps a part of the Arbuckle Mountains themselves), probably 
existed in Mississippian time where the present Ouachitas are. 

Originally the Arbuckle Mountains occupied a larger area than they 
do now, extending westward as far as Pauls Valley, northward beyond 
Seminole, and southeastward to Durant. 

The Wichita Mountain system extended eastward from the New Mex- 
ico line to beyond Gainesville, Texas. Its north rim was a line of lime- 
stone hills, most of them now buried, which ran from Gotebo past the 
Criner Hills. Its south rim, which was far more complex in structure 
and probably included several faulted anticlines, extended from Foard 
County, Texas, on the west, to and beyond Cooke County, on the east. 
A branch (the real south rim) ran northwestward past Nacona, Texas, 
and Waurika, Oklahoma. 

The Llano-Burnet, or “Central Mineral,” region is an area of gently 
folded and highly faulted Pennsylvanian and older rocks, which are 
overlapped on the south and east by Cretaceous beds and on the west and 
north by early and middle Pennsylvanian beds ; so that it represents only 
a fragment of a once extensive domal uplift, which rose like a horst and 
withstood fairly well the ravages of diastrophic movements, although it 
is now a topographic depression. The Bend Arch forms the north flank 
of the uplift. 

The Marathon region in Texas appears to show a western extension of 
the folding of the Oklahoma Mountains, while the Glass Mountains, 
but not the folds of the Marathon uplift, are related to the Ancestral 
Rocky Mountains. The Solitario dome is in the farthest southwest 
“window” of the Oklahoma Mountains. 

It is thought that the beds in the pre-Ouachita uplift, which are com- 
posed of rocks like those of the Arbuckle Mountains and are now covered 
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by the Ouachita Mountains, were folded first, and that the movement is 
recorded in conglomerates in the Caney shale and Wapanucka limestone 
(Mississippian and early Pennsylvanian) of the present Ouachita Moun- 
tains. Next rose the Wichita Mourtains, as recorded in conglomerates 
above the Wapanucka (Otterville) limestone on the east side of the 
Criner Hills. The main Wichita folding came somewhat later, as is 
shown by gravel in the Glenn formation (early Pennsylvanian). Con- 
comitantly the eastern and northeastern sides of the Arbuckle Moun- 
tains and the Llano-Burnet region, including the Bend Arch, were up- 
lifted. The folding of the Wichita Mountains and of the northeastern 
side of the Arbuckle Mountains continued spasmodically through Penn- 
sylvanian time, the structural features now revealed having been com- 
pleted in middle or late Pennsylvanian time. In late Pennsylvanian 
time the rocks were greatly eroded and at the end of Pennsylvanian time 
limestone conglomerate containing some granite pebbles was deposited 
around both mountain systems. 

The folding of the Ouachita Mountains occurred before middle Penn- 
sylvanian time and was followed somewhat later by notable overthrusting 
of the sheet (Decken) type, probably at about the same time as the major 
folding of the Arbuckle Mountains. Similar compressive forces produce 
different types of structure in different geosynclinal prisms—in one of 
8,000 feet of limestone overlain by shale as contrasted with one of 21,000 
feet of shale, sandstone, and chert but no limestone. The overthrusting 
of the Ouachita Mountains and the final folding of the Arbuckle Moun- 
tains may therefore have resulted from the same crustal compression. 

Between the Arbuckle and Wichita Mountains the sediments of the 
Ardmore basin, of Pennsylvanian age, were folded sharply by regional 
compression toward the end of the Pennsylvanian time. 

In late Pennsylvanian time there was folding also in the Llano-Burnet 
and Marathon regions and in the Pennsylvanian outcrop area between 
Llano-Burnet and the Red River uplift, but it was not so pronounced as 
that in Oklahoma. Intense folding in the Marathon area at the end 
of Pennsylvanian time was followed by refolding early in Permian time. 

The folding in Permian time was a reflection of what had gone before. 
Folds between and over buried hills in the older rocks fade out as the 
thickness of the Permian section increases. The Anadarko trough 
north of the Wichita Mountains is one of the large structural features 
developed during or after the Permian epoch. It includes anticlinal folds 
such as that at Cement. On the other hand, erosion on the flanks of the 
Wichita Mountains in pre-Permian time produced many isvlated knobs 
and ridges like those seen there today, but not all of those that are still 
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covered by Permian rocks are reflected in the present structure. The 
basin in western Texas beneath the Llano Estacado is a similar Permian 
basin. 

After Cretaceous deposition and probably during Oligocene time there 
was folding, such as that seen in the Preston anticline, but this is an 
exceptional occurrence, because there is no structural reflection in the 
Cretaceous strata of the anticlines in the older rocks in Montague and 
Cooke counties, Texas. ’ 

Cross-sections of the mountain areas (see figures 4-6 and the paleo- 
geographic maps, figures 7-11) are given to show more clearly the con- 
ditions described briefly in the text. 

Several summaries of the literature and some interpretations of 
orogenic movements have been made, notably by McCoy® and Miser,® and 
this paper merely brings the discussion of the subject up to date.” 

The writer wishes to express his gratitude for discussions of these 
problems to H. D. Miser, J. A. Taff, E. O. Ulrich, P. V. Roundy, C. W. 
Honess, F. B. Plummer, C. W. Tomlinson, Ralph A. Birk, Sidney Paige, 
J. V. Howell, J. L. Ferguson, and R. C. Moore. The micropaleontologi- 
cal determinations have been made by B. H. Harlton, of the Amerada 
Petroleum Corporation, who has described some new species in the Jour- 


nal of Paleontology. 
STRATIGRAPHY 


The stratigraphic sections in the Arbuckle and Wichita areas are 
similar and are comparable to those in the Ozark uplift on the northeast, 
and those in the Llano-Burnet uplift on the southwest. In all these 
areas lower Paleozoic limestone was deposited over a broad region whose 
structurai axis ran from northeast to southwest (see figure 7). The sec- 
tion in the Ouachita Mountains is very different. Here shale, sandstone, 
and chert appear instead of limestone; yet the Arbuckles and the Ouachi- 
tas are now only 15 miles apart. If the intervening mantle of Cretaceous 
sandstone should he removed we should probably find that the beds in 
the Ouachitas are overthrust on those in the Arbuckles. 





5A. W. McCoy: A short sketch of the paleogeography and historical geology of the 
Mid-Continent oil district and its importance to petroleum geology. Bulletin Am. Assoc. 
of Petroleum Geologists, vol. 5, 1921, pp. 541-584. 

*H. D. Miser: Llanoria, the Paleozoic area in Louisiana and eastern Texas. Am. 
Jour. Sci., 5th ser., vol. 3, no. 8, August, 1921, pp. 61-89. 

7Since this was written a new set of paleogeographic maps of Oklahoma has been 
published by C. N. Gould and R. A. Wilson, Upper Paleozoic rocks of Oklahoma (Okla- 
homa Geol Survey Bull. 41, (1927), and another set by R. H. Dott, Pennsylvanian 
paleogeography, with special reference to south-central Oklahoma. Idem, Bull. 40J, 


1927. 
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The correlations shown in figure 1 follow in general the correlation 
chart prepared by the U. S. Geological Survey in 1925,° supplemented 
by the results of investigations made by B. H. Harlton of the micro- 
faunas and by F. B. Plummer of the macrofaunas and by the results of 
lithologic work done by C. W. Tomlinson, Ralph A. Birk, and the writer. 


Tue OvacHita MOUNTAINS 
PROBLEMS 


The Ouachita Mountains extend from Atoka, Oklahoma, to Little 
Rock, Arkansas, a distance of 225 miles, and are 50 miles wide. They 
are bounded on the north by the Arkansas Valley and in Oklahoma are 
sharply defined by the Choctaw fault for more than 120 miles. Their 
southern and eastern sides are overlapped by Cretaceous and younger 
formations. 

' Topographically, the Ouachita Mountains in Oklahoma are a unit; 
but geologically they are two units,® separated by the Ti Valley fault 
that lies north of Winding Stair Mountain and its extensions toward the 
southwest (see figures 3 and 4). The rocks ‘north of Winding Stair 
Mountain may all be assigned to the Woodford, Caney, Wapanucka, and 
Atoka formations. The rocks on the southeast of Winding Stair Moun- 
tain consist of Arkansas novaculite and older rocks—the Stanley, Jack- 
fork, Caney, Wapanucka, and Atoka formations. Sections in the south- 
ern unit measured near Hot Springs, Arkansas, show about 5,000 feet of 
pre-Carboniferous shale, chert, sandstone, and novaculite,’® and columnar 
sections measured in Le Flore and McCurtain counties, Oklahoma, 
show about 4,700 feet of similar rocks.‘ In both units the detrital 
material that formed the sediments was derived from rocks on the 
south, in Llanoris.** The Carboniferous section is thickest in Oklahoma, 
where it is believed to have a maximum thickness of 23,000 feet,** 





8 Published in index to the stratigraphy of Oklahoma, by C. N. Gould. Oklahoma 
Geol. Survey Bull. 35, 1925. The Frisco formation, at the top of the old “Hunton 
limestone,” was added by C. A. Reeds: The Arbuckle Mountains, Oklahoma, Nat. Hist. 
(New York City), vol. 26, 1926; The Arbuckle Mountains, Oklahoma Geol. Survey 
Circular 14, 1927. 

®°E. O. Ulrich: Okla. Geol. Survey Bull. 45, 1928. 

” A. H. Purdue and H. D. Miser: Geologic atlas of the United States, U. S. Geol. 
Survey, Hot Springs Folio, (No. 215), 1923. 

uC, W. Honess: Geology of the southern Ouachita Mountains of Oklahoma. Okla- 
homa Geol. Survey Bull. 32, 1923. 

2H. D. Miser: Lianoria, the Paleozoic area in Louisiana and eastern Texas. Am. 
Jour. Sci., 5th ser., vol. 3, no. 8, August, 1921, pp. 61-89. Charles Schuchert: Op. cit. 
H. D. Miser and C. W. Honess: Carboniferous rocks of the Ouachita Mountains. Okla- 
homa Geol. Survey Bull. 44, 1927. 

13C, W. Honess: Geology of southern Le Flore and northwestern McCurtain counties, 
Oklahoma. Bureau of Geology (Norman, Okla.), Circular 3, 1924. Geology of the 
southern Ouachita Mountains of Oklahoma. Oklahoma Geol. Survey Bull. 32, 1923. 
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comprising the Stanley shale, Jackfork sandstone, Caney shale, and 
Atoka sandstone, which are also supposed to have been derived from 
material carried from Llanoris and laid down as delta deposits.'* 

Several major problems regarding the Ouachita Mountains have yet 
to be solved: (1) The age of the Carboniferous sedimente ; (2) the origin 
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Figure 3.—Outline Map of the Ouachita Mountains in Oklahoma 


The map shows the principal overthrust faults and the outcrops of boulder-bearing 
Caney and Wapanucka shale. The eastern end of the Arbuckle Mountains is shown on 
the western side of the map. The locations of sections in figure 4 are given. The 
center of the Potato Hills is a “‘fenster,”’ surrounded by the trace of the Winding Stair 
fault as determined by H. D. Miser. The Ti Valley fault, on the north side of Winding 
Stair Mountain, is after Miser. The northern unit of the Ouachita Mountains is be- 
tween it and the Choctaw fault. 


of the “glacial” boulders; (3) the date of the folding and overthrusting. 
An hypothetical solution of each problem is as follows, without details, 
which can be obtained from the papers cited : 


AGE OF THE CARBONIFEROUS SEDIMENTS 


The chert that forms part of both the northern and the southern unit 
of the Ouachitas can be identified in the northern unit, at Bengal, by 





™“™C,. W. Honess: Idem, p. 22; also Miser, op. cit. 
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its fossils as the Woodford chert; and in the southern unit, by its lith- 
ology, as Arkansas novaculite, possibly in part of Woodford age. The 
chert is separated from the overlying Carboniferous sediments by a dis- 
conformity or an unconformity. Conglomerate consisting exclusively 
of chert pebbles rests on the Arkansas novaculite in the Potato Hills.’® 
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Scales: Horizontal temmmmmmmad 5 miles Vertical - Diagrammatic 
FIGURE 4.—Cross-sections of the Ouachita Mountains on Lines shown in Figure 3 and 
Cross-section of the Arbuckle Mountains and Criner Hills 

The Ouachita Mountain sections are diagrammatic to indicate the nature of the over- 
thrusting and tke possible location of the pre-Ouachita uplift under the sole of the 
Choctaw fault. Many of the minor faults may be interpreted as overturned folds. The 
Arbuckle Mountain section shows the Criner Hills, Ardmore Basin, Mannsville inlier 
of the Arbuckle Mountains, and the small, low folds which characterize the Ordovician 
limestones of these mountains. 


Elsewhere an unconformity can only be inferred, but in the northern unit 
the Caney shale appears to lie on different members of the chert at dif- 
ferent exposures. 





%*H. D. Miser: Oklahoma Geological Survey Bull. 44, 1927. Chert conglomerate is 
described by Honess near the base of the Stanley shale, in the southern part of the 
OQuachitas, in Oklahoma Geol. Survey Bull. 32, p. 192. 
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In the southern unit the only inliers are the Potato Hills and the 
Black Knob Ridge, a ridge between Atoka and Stringtown. At these 
places and along the southeast edge of the core of the older rocks the 
chert is overlain by the Stanley shale. The age of this shale has not 
been satisfactorily determined. The fossil plants in it, as determined by 
David White,’® indicate Mississippian (Chester?) age; the invertebrates, 
as determined by Charles Schuchert and E. O. Ulrich,’ indicate earliest 
Pennsylvanian age. MHarlton has found microfossils of post-Chester, 
pre-Pottsville age in basal Stanley shale in the Potato Hills. 

The Jackfork sandstone overlies the Stanley shale. Its age, as indi- 
cated by its fossil plants, is the same as that of the shale. The thickness 
of the shale is about 6,000 feet; that of the sandstone is about 4,000 feet, 
and both thin toward the north. 

Caney shale containing “glacial boulders” overlies the Jackfork sand- 
stone in Winding Stair Mountain, Johns Valley, and other synclines, 
but it has not yet been found south of Talihina. The type locality of the 
Caney shale is in Johns Valley, in sections 2, 3, 4, 9, 10, 11, township 
1 south, range 16 east, Pushmataha County. Most of the shale is prob- 
ably of Mississippian age,’* but the upper part (the Springer formation) 
is regarded as Pennsylvanian.*® Microfossils collected at Johns Valley 
and elsewhere are post-Chester and pre-Pottsville (Bendian) in age, 
according to Harlton. 

Overlying the Springer in Winding Stair Mountain, and probably in 
other synclines where the Atoka is preserved, is the Wapanucka lime- 
stone or its equivalent, a fossiliferous calcareous sandstone in the Bok- 
tukola syncline and both limestone and conglomerate in Compton Cut 
and the near-by Lambersons Spur limestone at Weathers and elsewhere. 
The Wapanucka contains “glacial” boulders in Winding Stair Mountain. 
The Wapanucka is of earliest Pennsylvanian age. 








16 Personal communication from Mr. White December 21, 1926. Oklahoma Geol. Sur- 
vey Bull. 32, pp. 176-178. Other determinations by Mr. White have been published by 
Miser in Bulletin 44, Oklahoma Geol. Survey. 

17U. S. Geol. Survey Geologic Atlas, Hot Springs Folio, no. 215, 1923, p. 9. C. W. 
Honess: Stanley shale of Oklahoma. Am. Jour. Sci., 5th ser., vol. 1, 1921, pp. 75-78. 

18G. H. Girty: The fauna of the Caney shale of Oklahoma. U. 8S. Geol. Survey Bull. 
377, 1909. The Caney in the Arbuckle area is divided by the U. 8. Geological Survey 
into a Mississippian member, equivalent to the Moorefield shale (Meramecian according 
to Ulrich), and (in the Ardmore Basin) a Pennsylvanian member, called the Springer. 

%”E. O. Ulrich: Oklahoma Geol. Survey Bull. 45, 1927. Charles Schuckert: Text- 
book of Geology, 1924, p. 343. Ulrich believes that the Pennsylvanian in the southern 
unit of the Ouachitas carries Mississippian fossils transported from the Arbuckle area. 
He proposes a new name, “Johns Valley shale,” for what he considers the Pennsylvanian 
part and from which Girty, Miser, and Honess have collected Mississippian macro- 
fossils. Schuchert introduced the epoch Bendian to include formations from the Stanley 
to the Upper Caney (Springer), inclusive, and the Bend series. The Bendian epoch 
is transitional between the Mississippian and Pennsylvanian. 
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The highest formation in the Ouachita Mountains is the Atoka, which 
consists of sandstone and shale. The upper part of the Jackfork of 
Honess *° is Atoka. In the Boktukola syncline the Atoka is 7,000 feet 
thick. Its age is lower Pennsylvanian (Pottsville). 

Two beds of conglomerate are exposed on the Kansas City Southern 
Railroad a mile south of Siapp (southwest 14, section 7, township 3 
north, range 26 east, 10 miles from the Arkansas line. The thickest bed 
measures more than 15 feet, but its base is concealed. The boulders of 
black chert and Ordovician limestone in this conglomerate are rounded 
and are tightly cemented in a sandy matrix. They are 4 to 6 inches in 
diameter and the largest is a foot long. Although this locality is mapped 
as Caney, the sandstone here** indicates that it is Atoka. Black shale 
in a railroad cut in section 16, township 3 north, range 26 east, 2% 
miles southeast of the conglomerate, has yielded a Pennsylvanian micro- 
fauna. Caney shale containing boulders several feet long is exposed both 
east and west of Stapp. 

In the northern unit of the Ouachita Mountains the Stanley and 
Jackfork are probably absent and the sandstones are probably Atoka. 
This suggestion is made because it seems to be justified by the field 
evidence and because it simplifies the interpretation of both the stra- 
tigraphy and the structure. 

The Woodford chert crops out half a mile west of Bengal (in the 
center of section 11, township 4 north, range 21 east) and at Wesley 
(east 14, section 36, township 2 north, range 13 east), and chert, prob- 
ably of the age of the Arkansas novaculite (including the Woodford), 
crops out at two other localities—at the new Pulcher place, in the center 
of section 8, township 3 north, range 17 east and at Pine Top school- 
house (Brushy Creek), in sections 4 and 5, township 2 north, range 15 
east. It is overlain by Caney shale. The age of the chert here, as at all 
other Ouachitan localities, is disputed, but is considered Mississippian 
by Girty and Ulrich. The shale is found at all the localities named 
except Bengal and Pulcher. It is found also at the Allen place (north- 
east 14, section 20, township 3 north, range 16 east) and near Recyl 
(section 25, township 4 north, range 17 east). 

“Glacial” boulders are found only at the place last named, south of 
Recyl (Higgins). 





” Bureau of Geology Circular 3, 1924. H. D. Miser in Oklahoma Geol. Survey Bull. 
35, 1925, p. 37 (footnote). 

71In a letter to the writer dated January 28, 1927, J. A. Taff states that these 
boulders are in the “basal or lower portion of the Atoka,” and that similar well-worn 
and reworked boulders occur in the basal Atoka near Compton. 
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Wapanucka limestone has been found only at Wesley and was prob- 
ably either not deposited at the other places or it has been removed by 
erosion. 

Sandstone and shale of the Atoka formation overlie the Wapanucka 
both south and northwest of the Choctaw fault. 

The absence of Stanley and Jackfork may be due to their deposition 
far south of their present outcrops and to extensive overthrusting, which 
conceals the transition. An enormous thickness of sediments (about 
10,000 feet) must have been deposited in the Ouachita geosyncline south 
of the present Ouachita Mountains, while the Caney and most of the 
Springer sandstones and shales were being deposited in the southern part 
of the Arbuckle geosyncline and while shale and some sandstone was 
being deposited in the northern part of this geosyncline. 

Van der Gracht, in letters to C. N. Gould dated July 7, 1926, and 
October 5, 1926, writes: 

“I have thought that it might be possible that the exotic (Ouachita) chert 
facies would be confined to the overthrust sheet, but where, in front of the 
same, the autochthon substratum is buried, the Arbuckle limestone facies of 
the Ordovician might still be represented. . . . The real thrust-plane, as 
now saved from erosion, lies considerably farther to the south and southeast 
of the Choctaw fault. . . . The original Ouachita geosyncline was (prob- 
ably) deeper than that of the Arbuckles because of the deep-sea chert facies 
of the Ordovician and Silurian.” 


ORIGIN OF THE “GLACIAL” BOULDERS 


Blocks of limestone and chert containing fossils indicating that the 
rocks are identical with formations exposed in the Arbuckles, and rang- 
ing in age from Ordovician (Arbuckle) to Mississippian (Woodford and 
Sycamore) and Pennsylvanian (*?), occur in the upper part of the Caney 
shale and in the Wapanucka formation of the southern unit of the 
Ouachita Mountains and in beds near Recyl, probably of Wapanucka age, 
in the northern unit (figure 2).?? 

The boulders are found from the yest end of the Ouachita Mountains, 
near Atoka, to the Arkansas line, a distance of 100 miles. They are sub- 
angular or rounded and mosts of them are corroded by solution. Their 
length ranges from about 2 inches to 50 feet or more and averages about 





2 J. A. Taff: Ice-borne boulder deposits in mid-Carboniferous marine shales. Bull. 
Geol. Soc. Am., vol. 20, 1909, pp. 701-2. J. B. Woodworth: Boulder beds of the Caney 
shales at Talihina, Oklahoma. Idem, vol. 23, 1912, pp. 457-462. E. O. Ulrich: Revision 
of the Paleozoic system. Bull. Geol. Soc. Am., vol. 22, 1911, p. 352, footnote, p. 361; 
also, Bull. 45, Okla. Geol. Survey, 1927. H. D. Miser: Oklahoma Geol. Survey Bull. 
44, 1927. G. H. Girty: U. 8. Geol. Survey Bull. 377, 1909. Charles Schuchert: Text- 
book of Geology, 1924, p. 370. 
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1 foot. A few notably large masses have been found, most of them in 
Johns Valley, the first of which were discoveread by the writer in the fall 
of 1926. Other large boulders, which are about 25 feet long, are found 
in and near Compton Cut (sections 17, 18, 19, township 4 north, range 
22 east) and at a place south of Recyl, where one 20 feet long is exposed 
to a thickness of 10 feet. 

Johns Valley contains some of the largest of these detached masses of 
rock. Masses in conglomerate at Levis and Bic, Quebec, though much 
smaller, offer the same problem as to their origin. Many of the large 
masses in Johns Valley are apparently Viola limestone and contain 
abundant fossils interbedded and in place. They are believed to be at 
the same stratigraphic horizon, about 5 to 10 feet above the Jackfork 
sandstone, and to be underlain and overlain by Caney shale containing 
microfossils. The measurements of the exposed parts of certain masses 
are, approximately, 550 feet by 65 feet (stratigraphically, dip about 30 
degrees) ; 200 feet by 150 feet, and 200 feet by 50 feet by 4 feet thick at 
one end. Small boulders of other kinds of limestone occur near these 
large masses.?* ; 

Stratigraphic arrangement of boulder beds in the shale is apparent in 
Johns Valley and between Compton Cut and Bengal. In Johns Valley 
there are two “boulder” beds, one near the base of the shale, which in- 
cludes the enormous masses of limestone just described, and the other 
near the center of the valley, where the boulders are only 1 foot to 3 feet 
long and overlie a concretionary bed. North of Compton Cut there are 
three or four boulder-bearing beds, the lowest being near the top of the 
Jackfork. At other places there are no boulders in the lowest Caney 
black shales, and the overlying boulder-bearing shales are gray, not 
black. 

Boulders occur also in the Wapanucka, if this formation includes all 
the shale between the fossiliferous members and the first overlying sand- 
stone (Atoka). The best-known locality is in Compton Cut, where R. C. 
Moore and H. D. Miser found Wapanucka fossils. The fossiliferous fine- 
grained conglomerate is in the middle of the cut, where the relations are 
obscured by faulting and close folding. The boulders have been elon- 
gated, slickensided, and grooved into each other by intense compression 
and shearing. 

A good exposure of Wapanucka limestone underlain by boulder-bearing 
Caney shale and overlain by boulder-bearing Wapanucka (or Atoka?) 
shale was found at Lambersons Spur, a mile south of Compton Cut, by 





*% Detailed information concerning these boulders is being published by C. W. Miller 
in a Bulletin of the Oklahoma Geological Survey. 
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H. D. Miser. The boulders above the Wapanucka are all less thari a foot 
in diameter and are scattered through the shale as in a tillite. Some of 
them are embedded in the base of the overlying Atoka sandstone. 

Other exposures of boulders in the “apanucka shale, with the same 
small-pebble chert conglomerate as in Compton Cut, are found overlying 
boulder-free Caney shale in the Winding Stair Mountain syncline north 
and west of Weathers, in section 26, township 3 north, range 16 east; 
southwest 14 section 4, township 2 north, range 16 east. 

The writer has made no attempt to determine the age of the limestone 
in each boulder, but after visiting most of the boulder beds he has in- 
ferred that the boulders were derived from different sources at different 
times. The fact that boulders of Arbuckle and Viola limestone occur in 
the lowest bed indicates that the entire stratigraphic section was exposed 
when the deposition of the boulders began. 

Nowhere do the beds of the boulder-bearing shale contain sandstone, or 
even pockets of sand or small pebbles, but they do contain small-pebble 
conglomerate. All the boulders are surrounded by gray or black shale 
containing micro-fossils and, in places, macro-fossils. Numerous outcrops 
of the Wapanucka show scattered pebbles distributed through many feet 
of shale “like plumbs in a pudding.” Large fossils similar to those in 
the “Mississippian” Caney of the Arbuckles are seen at Allen, at Wesley, 
between the boulder beds in Johns Valley, and elsewhere. 

The origin of the boulders and large masses and their mode of trans- 
portation are unknown. It is commonly held that they came from the 
Arbuckle Mountains, but there are no boulders in the Caney or Springer 
on either side of these mountains. Furthermore, these mountains were 
not folded until later. They might have been brought from the Criner 
Hills, which was a land area during part of Carboniferous time, but it is 
difficult to imagine their transportation across a placid sea whose sedi- 
ments contain no boulders. An hypothetical southeastern extension of the 
Arbuckle Mountains, folded and being eroded at this time, indicates a 
landmass in the position supposed to have been occupied by the Ouachita 
seas. The exposure of the Caney in the Arbuckle Mountains that lies 
farthest east, 22 miles from the nearest boulder, contains no boulders 
and shows no evidence of an unconformity. The largest boulders are not 
at the western edge of the Ouachitas. 

A pre-Ouachita uplift (figure 8), exposing a small mass of rocks of 
Arbuckle type, may have been the source of the boulders. Such a mass 
would have been formed by the eastward extension of the Wichita- 
Arbuckle prism of sediments at a place near or south of the present 
Choctaw fault and near the center of the Ouachitas in a line from east to 
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west. It would have been formed after the Woodford chert had been 
deposited and probably during Stanley-Jackford sedimentation. It 
would have been high land in Caney time. All traces of this uplift 
would now be covered by overthrusts from the south (figure 3). Evi- 
dence of land in the northern part of the Ouachita area of Arkansas in 
Devonian time is reported by Ulrich.** Such an uplift would furnish a 
near-by source for the boulders, located centrally nearest the large masses. 
It would have stood north of the sea in which the Winding Stair and 
Johns Valley black, boulder-bearing shales were deposited and possibly 
south of that in which the boulders near Recyl were deposited in Wapa- 
nucka (?) time. The absence of boulders at other places north of Wind- 
ing Stair Mountain is accounted for by unconformity, the Atoka resting 
in different localities unformably on Arkansas novaculite, Woodford 
chert, Caney shale, Wapanucka limestone, and Wapanucka (?) boulder 
beds. The size of the boulders diminishes from this area eastward to 
Arkansas and westward to Atoka. 

Some arguments against this hypothetical uplift are the following: 
(1) The Sycamore limestone, known as a thick bed only along the 
southern flank of the Arbuckles, must have been present; (2) conglomer- 
ates should be found, but are known at the base of the Stanley only 
in the Potato Hills, in the Wapanucka of Winding Stair Mountain, and 
in the Atoka at Stapp; (3) shore conditions on the north are not shown 
in the Stanley or Jackfork. 

No theory as to the source of the boulders is fully satisfactory. The 
Arbuckle Mountains, 110 miles from the boulders on the Arkansas line 
near Stapp, must be excluded. A source in the southeastern extension 
of these mountains, which must be located close to or within the 
Ouachita sea,?° places sediments that contain different fossils too close 
together. The small boulders are nearest this hypothetical source of 
supply. 

How boulders and masses of rock over 550 feet long, 65 feet thick, and 
of great width could have been transported is another problem. An over- 
thrust would move masses from which these “boulders” could have been 
derived, but it is more difficult to imagine an overthrust into the Caney 





*%E. O. Ulrich: U. S. Geol. Survey Geologic Atlas, Hot Springs Folio (No. 215), p. 8. 

% A well in sec. 17, T. 4 S., R. 11 E., 12 miles south of Atoka and west of a pos- 
sible hypothetical extension of the Choctaw fault below the Cretaceous, penetrated a 
typical Arbuckle section from Caney to Simpson. A well in the center of the Potato 
Hills, in sec. 30, T. 3 N., R. 21 E., 2,600 feet deep, does not show an Arbuckle sec- 
tion. In Texas the Bailey Development Company's well near Chicota, in Lamar County, 
entered schist at 1,880 feet; and the Lady Alice well, north of Clarksville, in Red 
River County, entered schist at 1,693 feet, directly under the Cretaceous. 
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Sea than to imagine an uplift of anticlinal type, which is the typical 
structure of Arbuckle rocks. The Ouachita overthrust now visible 
was much later and came from the south. An overthrust in Caney 
time would have come from the north, from an Arbuckle basin into a 
Ouachita basin. Overthrusting seems plausible until regional tectonics 
are considered, and no later overthrusting would account for the wide 
dispersion of the boulders. Overthrusting would furnish a block large 
enough to supply the masses in Johns Valley, provided the overthrust 
of competent rocks over unconsolidated Jackford sandstone, with or with- 
out a thin veneer of black shale, would not disturb the bedding of the 
sand and mud. It is conceivable, as R. C. Moore has pointed out to the 
writer, that the overthrust may have preceded Caney deposition, and 
that the shales may have been deposited around and even under the 
edges of the present masses, which would represent corroded fragments 
of the overthrust block.?® However, no traces of the rest of the original 
overthrust block in the form either of sand grains or small pebbles of 
limestones and chert have been found in Johns Valley or elsewhere. 

Ice can move large masses of rock and can cause an assortment of sizes 
and kinds. Many of the boulders show the effect of solution, which would 
have removed glacial scratches. The boulders in Compton Cut show 
remarkable grooves and scratches due to squeezing and slickensiding, 
but none due to glaciation. Some other boulders, especially those found 
in the Wapanucka shale, show grooves and scratches that may be inter- 
preted as glacial. Ice commonly furnishes not only boulders but till; 
vet floating ice may supply masses and solution may aid in rounding 
them. The material may be of several kinds and may be variously as- 
sorted as to size. The consensus of opinion in the literature, except for 
the boulders at Compton Cut, is that they were transported by ice, but 
whether by floating or shore ice or otherwise is not agreed. If ice can 
not transport such enormous masses of limestone, each more than 
200 feet long, overthrusting must have brought the limestone to Johns 
Valley, because the source of supply could not have been nearer than 20 
miles. How the boulders were distributed over an area 100 miles long 
(a shoreline?) is still unknown. The absence of any evidence of stream 
deposits makes floating ice a convenient distributing agent. 





** When Taff was mapping the Atoka Folio he and Girty found Ordovician limestone 
boulders (but not the large masses) in Johns Valley, and they concluded that the under- 
lying Jackfork and Stanley were Ordovician. The Caney shale was named by Taff 
from a creek in this valley, now known as Johns Creek, and abundant macro-fossils 
were found above what is now known to be the stratigraphic horizon of the Ordovician 
limestone masses. Ulrich regards the Caney fossils as exotic. 
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DATE OF FOLDING AND OVERTHRUSTING 


The date of the folding of the Ouachitas can not be satisfactorily 
determined. The occurrence of boulders in the Caney fix the date of the 
first Carboniferous uplift as Mississippian—a local mountain-built uplift, 
possibly accompanied by overthursting and a gathering place for shore 
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Ficurp 5.—Cross-sections of the Wichita Mountain System, the Criner Hills, Llano- 
Burnet Uplift, and Marathon-Glass Mountains Uplift 


The Red River Arch south of Red River is considered to be a part of the Wichita 
system. The cross-section of the Criner Hills shows the unconformity and conglom- 
erates which date the folding of the eastern rim of the original Wichita Mountain sys- 
tem. The Llano-Burnet section is diagrammatic and foreshortened to show the prox- 
imity to Llanoris and to the Balcones fault zone. Overlapping Pennsylvanian forma- 
tions are shown at the north end of the section. The Marathon and Glass Moun- 
tains show the older Pennsylvanian on the southeast and the Permian on the north- 
west side away from Llanoris. Folding is comparale in intensity with that of the 
Ouachita Mountains, but overthrusts are not reported. 


ice (figures 4 and 8). The next movement came in early Pennsylvanian 
(Atoka) time, contemporaneously with uplift in the Arbuckle Moun- 
tains. It probably caused the formation of the McAlester coal basin, 


LXVIII—Bvctu. Geou. Soc. AM., Vou. 39, 1927 
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but uplift was limited to a very small area, as shown by the conglomer- 
ates near Stringtown and Atoka. Taff** found conglomerates composed 
of Talihina chert and Stringtown shale for a distance of about 12 miles 
along the strike and through 3,000 vertical feet of strata north and west 
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FicureE 6—Cross-sections of the buried Amarillo Mountains 


These mountains are the western extension of the Wichita Mountains. The reflection 
of the buried granite range is shown in the structure of the overlying Pennsylvanian 
and Permian strata. Pennsylvanian and lowest Permian beds do not extend west as 
far as Bravo Dome (Section I). The easternmost section (IV) is of the Wichita Moun- 
tains, south of Gotebo. 


of Black Knob Ridge, in the Atoka, Hartshorne, McAlester, Savanna, 
and Boggy formations. A distance of only 4 miles across the Choctaw 





27 J. A. Taff: U. 8S. Geol. Survey, 19th Ann. Rept., pt. 3, p. 441, 1898. U. S. Geol. 
Survey Geologic Atins, Coalgate Folio (No. 74), 1901, and Atoka Folio (No. 79), 1902. 
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fault separates the conglomerates from the cherts, but there is no evi- 
dence to show the original distance apart or the amount of lateral dis- 
placement of these rocks. 

The absence of conglomerates elsewhere in the sediments north of the 
Ouachita Mountains shows that there was no general uplift until after 
Boggy time. McCoy** believes, that the change in the strike of the 
Pennsylvanian formations beginning with the Thurman sandstone, to- 
gether with a marked change in the character of these sediments, indi- 
cates a movement of the Ouachitas (see figure 9). The writer believes 
that at this time the Ouachita basin was folded, but that it was still 
south of its present position. 

Conglomerates are characteristic of the Seminole conglomerate, Va- 
moosa formation, and Pontotoc group north of the Arbuckle Moun- 
tains. Fragments of chert are the most common pebbles in the Seminole 
and Vamoosa, and granite pebbles from the Arbuckle Mountains appear 
for the first time in the Pontotoc. The overthrusting of the Ouachita 
Mountains to their present position can be assigned to Seminole time 
(figure 10), and some of the cherts may have come from these moun- 
tains.”° 


Tue ARBUCKLE MOUNTAINS 


The Arbuckle Mountains are in south-central Oklahoma, 15 miles 
west of the Ouachita Mountains and 55 miles east of the Wichita Moun- 
tains. They are 65 miles long and about 35 miles wide. Drilling has 
not revealed extensions of the folding that would expand these dimen- 
sions greatly, but gentle uplifts, such as that at Seminole, almost double 
the size of the area directiy affected by the orogenic movements. 

Columnar sections show 10,000 feet of pre-Carboniferous sediment, con- 
sisting principally of limestone, but including some sandstone and a very 
little shale, all overlain by 7,000 feet of Carboniferous beds, consisting 
largely of shale, which is accompanied by some interbedded sandstone 
and a very little limestone. These beds include the Boggy formation 
only on the northeast flank of the fold and about 15,000 feet of deposit 
up to the Hoxbar formation on its south side. 

Structurally the Arbuckle Mountains consist essentially of three 

*2 A. W. McCoy: A short sketch of the paleogeography and historical geology of the 
Mid-Cortinent oil district. Bull. Am. Assoc. Petroleum Geologists, vol. 5, 1921, p. 562. 

* Extensive overthrusting was first postulated by C. L. Dake: The problem of the 
St. Peter sandstone. Univ. Missouri School of Mines and Metallurgy, Bull., vol. 6, 
1921. See also Honess: Okla. Geol. Survey Bull. 32, p. 258, and Bull. 40 R., and 


Miser: Structure of the Ouachita Mountains of Arkansas and Oklahoma, Bull. Geol. 
Soe. Am., vol. 39, 1928, 
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geanticlines in which relatively flat-lying Arbuckle limestone makes up 
the larger part of the beds, around which steeply dipping younger beds 
form hogback or cuesta ridges (figures 4 and 5). Granite is exposed in 
a large area only in the southeastern fold. The extension of the granite 
to the southeast beyond a place where it is found in a well near section 1, 
township 5 south, range 9 east, is unknown. If the axis of this fold 
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Figure 7.—Paleogeographic Map of Oklahoma and Teras 


Shows the Lower Ordovician Land (Llanoris), present outcrops, and the area of lime- 
stone deposition west of that of shales, cherts, and sandstones. 


were prolonged to the southeast it would cross Red River near wells 
that found schist and would extend directly into the former Ouachita 


basin. 

The northern Arbuckle fold continues westward underground as far 
as Pauls Valley, and its north flank plunges northward gently until it 
flattens to form a structural plateau around the Seminole and Wewoka 
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oil fields—the Hunton arch of Dott. From these fields a buried ridge 
extends north past the Cushing oil field and parallel to the Nemaha 
Mountains. A subsidiary faulted fold farther south is called the Law- 
rence uplift. The southwestern Arbuckle fold is faulted at its northwest 
end, where a buried fault block, in the Robberson field, was found by 
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Figure 8.—Paleogeographic Map of very early Pennsylvanian Time 


Shows the outcrops of the Morrow, Wapanucka, Marble Falls, and Dimple forma- 
tions and the outline of the sea in which they were deposited. The Nemaha Moun- 
tains and Cushing Ridge, folded at or soon after the close of Mississippian time, were 
land areas. The Seminole uplift was covered by the Wapanucka series overlapping the 
older formations from the east. The pre-Ouachita uplift was a landmass supplying 
large boulders of Paleozoic limestones to the adjacent sea. The Wichita Mountains 
were probably just emerging. 


drilling. Another such fault block is exposed near Mannsville, east of 
Ardmore.*° 





*C. W. Tomlinson: Buried hills near Mannsville, Okla. Bull. Am. Assoc. Petroleum 
Geologists, vol. 10, 1926, pp. 138-143. 
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On the southern flank of the Arbuckle Mountains, near Ardmore, the 
Carboniferous sedimentary section appears to be complete, including the 
Caney shale, Springer formation, Glenn formation, and Hoxbar forma- 
tion. The unconformities and conglomerates 15 miles farther south are 
not conspicuous north of Ardmore. 





Figure 9.—Paleogeographic Map of Lower Pennsylvanian Time 


Shows outcrops of Boggy, Cherokee (Bartlesville), Lower Glenn, and Strawn forma- 
tions and the connecting sea. The Ozark, Nemaha, Ouachita, part of the Arbuckle, 
Wichita, and Llano-Burnet areas were land and all but the Ozark Uplift had been ap- 
preciably folded. The Cushing ridge was covered by a shallow sea. A delta south of 
Red River was being formed from Llanoris. The Marathon area may have been above 
the sea. 


In the center of the Arbuckle Mountains the upper part of the Glenn 
formation is exposed in the Mill Creek syncline, where it is underlain 
by conglomerate. This outlier may be of the same age as the upper part 
of the Boggy formation north of the mountains. 
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On the north and northeastern flanks of the Arbuckle Mountains the 
Atoka-shale, equivalent to the lower part of the Glenn formation, is over- 
lapped by the succeeding formations. 

Overlaps and conglomerates appear in each succeeding formation, in- 
dicating frequent warping of the northeastern part of the Arbuckle 

































































Figure 10.—Paleogeographic Map of Mid-Pennsylvanian Time 


At the time of the greatest expansion of the Pennsylvanian seas in this area. The 
Ouachita Mountains were overthrust at this time; the Arbuckle and probably the 
Wichita and Amarillo Mountains were folded. 


Mountains and of the larger uplifts in Boggy, Seminole, Vamoosa, and 
Pontotoc time. 

If the lower Glenn in the Mill Creek syncline is equivalent to the high- 
est part of the Boggy, the rocks of the Arbuckle Mountains had been 
uplifted and eroded in lower Glenn time, so that all the Ordovician lime- 
stones were exposed and their truncated surfaces were covered by the 
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Boggy sea.** About 10 miles farther south (north of Ardmore) no con- 
glomerates are found. Therefore the first folding in the Arbuckle 
Mountain area during the Carboniferous period appears to have occurred 
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FIGURE 11.—Paleogeographic Map showing Conditions at the Close of Pennsylvanian 
Time 


Most of western Oklahoma and Texas were the sites of deposition of red beds and 
salt. The Ancestral Rocky Mountains were elevated at about this time, as indicated 
in the Pedernal Hills. A large delta existed near the present Red River. 


on the northern flank of the range during Atoka (early Glenn) time. 
Uplift in the form of gently warping was periodic and frequent until the 
great uplift at the end of the deposition of the Savanna sandstone. Fold- 





“The geological history of this area is ably described by George D. Morgan, who is 
followed here. Jeology of the Stonewall quadrangle, Bureau of Geology, Norman, 
Okla. Bull. 2, 1924; also, by the same author Circulars 11 and 12 of the Oklahoma 
Geol. Survey, 1922 and 1923, and Circular 2 of the Bureau of Geology, 1924 (Boggy 
unconformity and overlap in southern Oklahoma). 














THE ARBUCKLE MOUNTAINS 1055 


ing at this time affected the northern but apparently not the southern 
part of the mountains, and erosion through almost the entire Paleozoic 
section is recorded in the conglomerates at the base of the Boggy forma- 
tion, formerly confused with younger conglomerates and called Franks. 
Upper Boggy shales covered a part of the uplifted area and are preserved 
in the Franks and Mill Creek synclines. 

A portion of the Arbuckles, the Lawrence uplift south of Ada, re- 
mained a land surface (figure 9) until the deposition of the Wewoka 
formation, or else the intervening formations were eroded before Wewoka 
deposition. Limestone conglomerates occur in the Wewoka formation, 
but the uplift indicated by conglomerates in the Seminole was more im- 
portant (figure 10). Still more profound folding and faulting of the 
Arbuckle Mountains is recorded in the conglomerates of the Vamoosa 
formation. The conglomerates of the Pontotoc group were deposited at 
the end of Pennsylvanian time on the eroded mountains, which were 
folded and faulted as they are today (figure 11). Subsequent uplifts 
have been regional, consisting probably of broad doming of the moun- 
tains, which increased the steepness of the initial dips of the Pontotoc 
conglomerates.** Of these movements only the one preceding Pontotoc 
deposition is clearly recorded on the south flank of the mountains. 

Post-Permian movements caused gentle folding of the Arbuckle Moun- 
tain region, but the details of the structure and the buried topography 
of the older rocks are not clearly recorded in the structure of the Permian 
beds. 

The geologic history at Seminole and Wewoka, north of the Arbuckle 
Mountains, is well known from drilling. The Simpson formation, which 
overlies the Arbuckle limestone, contains the “Wilcox” (Mounds) oil 
sands. The lithology and the thickness of the Simpson are variable. 
Regionally the Simpson, the Viola limestone, and the Sylvan shale are 
conformable. An unconformity above the Hunton limestone is marked 
by extensive erosion. The Chattanooga shale, equivalent to the Wood- 
ford chert, has a uniform thickness throughout the area. The overlying 
Mississippian strata are Mayes limestone and Mississippian Caney Shale. 
Both are of uniform thickness over a broad area. The lowest Pennsyl- 
vanian formation varies from east to west because of progressive over- 
lap toward the west. Over much of the Seminole area the oldest Penn- 
sylvanian is shale (Springer?), overlain by the Cromwell sand mem- 
ber of the Wapanucka, and in turn overlain by the Wapanucka limestone, 





®@R. A. Birk: The extension of a portion of the Pontotoc series around the western 
end of the Arbuckle Mountains. Bull. Am. Assoc. Petroleum Geologists, vol. 9, 1925, 
pp. 983-989. 
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which thickens eastward. A pronounced unconformity separates the 
Wapanucka limestone and the overlying Pennsylvanian beds (Boggy), 
and very little of the detail of the structure can be told from the 3,600 
to 3,800 feet of Pennsylvanian, principally because the westward tilting 
and overlap of these rocks effaced most of the folding that was reflected 
into them during late Pennsylvanian time and partly because no satis- 
factory horizon markers are available for detailed correlations. In brief, 
the first folding at Seminole and along the Seminole-Cushing buried 
ridge took place during the Devonian period; there was warping before 
the deposition of the Wapanucka limestone, and the anticlines were de- 
fined during the pronounced folding early in Pennsylvanian (pre-Boggy) 
time, and important refolding and tilting took place later in Pennsyl- 
vanian time.** The unconformities and disconformities are rarely 
marked by conglomerates; in fact, conglomerates are seldom found in 
drilling througliout the Mid-Continent fields except on a sharp uplift 
like part of the Red River arch. 


THe Wicuita MountTAINS 
FORMER EXTENT 


The Wichita Mountain system is believed to extend from New Mexico 
through the buried Amarillo Mountains and the present Wichita Moun- 
tains to some point southeast of Gainesville, Texas. In Texas the Red 
River arch ** and the buried hills ranged en échelon from Electra, Burk- 
burnett, and Petrolia through Nocona, and it is believed that certain 
unnamed hills near Gainesville are genetically connected with the Wich- 
ita system (figures 4,5). In Oklahoma, a corresponding row of buried 
hills, which extend from Fort Sill to the Criner Hills through Healdton 
and Hewitt, forms what is believed to be the north flank of the former 
Wichita Mountains.** The geologic history of each area will be con- 


sidered separately. 





“Sidney Powers: The Seminole uplift, Oklahoma. Am. Assoc. Petroleum Geologists 
Bull., vol. 10, 1927, pp. 1097-1108. R. H. Dott: Pennsylvanian paleogeography. Okla- 
homa Geol. Survey Bull. 40J, 1927. A. I. Levorsen: Seminole County, Oklahoma. 
Idem, Bull., 40BB, 1928. 

* Lee Hager: Red River uplift has another angle. Oil and Gas Jour., October 17, 
1919, pp. 64-65. P. V. Roundy: U. S. Geol. Survey Bull. 726F, 1922, p. 293. Sidney 
Powers: Reflected buried hills and their importance in petroleum geology. Economic 
Geol., vol. 17, 1922, pp. 233-259. W. E. Pratt: Oil and gas in the Texas Panhandle. 
Bull. Am. Assoc. Petroleum Geologists, vol. 7, 1923, pp. 237-246. C. M. Bauer: Oil 
and gas fields of the Texas Panhandle. Idem, vol. 10, 1926, pp. 733-746. C. N. Gould 
and F. E. Lewis: The Permian of western Oklahoma and the Panhandle of Texas. 


Okla. Geol. Survey Circular 13, 1926. 
9 


*® Sidney Powers: Bull. Am. Assoc. Petroleum Geologists, vol. 10, 1926, fig. 1, p. 2. 
(The southeastern extension of the Arbuckle Mountains shown is incorrect.) 
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The distance from the New Mexico line west of the buried Amarillo 
Mountains to Fort Sill, at the east end of the present Wichita Mountains, 
is 250 miles, and the distance from Fort Sill to the Criner Hills is 80 
miles. The Wichita Mountain system is a long range composed of many 
échelon axes. Evidence of several short breaks in it has been found. 
The Wichita Mountains and the Red River uplift in Wilbarger County 
are about 50 miles apart, and the north and south flanks of the former 
Wichita Mountains between Healdton and Muenster are about 35 miles 
apart. 

Granite and other igneous rocks form the Amarillo buried ridge and 
Wichita Mountains, and the outcrops of the Ordovician limestone are 
practically confined to the north flank of the latter, between Gotebo and 
Fort Sill, where they form ridges that are separated from the granite 
hills. The limestone is as thick as it is in the Arbuckle Mountains. No 
younger rocks crop out through the Permian mantle. The Permian beds 
found in drilling thicken so rapidly north of the Wichita Mountains, in 
the Anadarko trough, that they measure over 4,500 feet near Canute, 25 
miles from the nearest granite outcrop. 

CRINER HILLS. 


The Criner Hills, a part of the Wichita Mountain system, is a com- 
plexly faulted horst consisting largely of Ordovician limestones like those 
in the Arbuckle Mountains, which projects through Pennsylvanian rocks 
5 miles southwest of Ardmore and 15 miles south of the south flank of 
the Arbuckle Mountains.** Buried hills of similar rocks occur en échelon 
from the Criner Hills to Fort Sill, at the east end of the present Wichita 
Mountains, a distance of 80 miles, and from there on the surface past 
yotebo, a distance of 40 miles. Among the best known of these hills are 
Hewitt, Healdton, Loco, Woolsey (township 2 south, range 6 west) and 
Nellie (township 1 north, range 9 west) .** 





36 Sidney Powers: Crinerville oil field, Carter County, Oklahoma. Buil. Am. Assoc. 
Petroleum Geologists, vol. 11, 1927, pp. 1067-1085. 

37 Frank Gouin: The geology of the oil and gas fields of Stephens County, Okla. 
Oklahoma Geol. Survey Bull. 40E, 1926. C. W. Tomlinson: The geology of the oil 
and gas fields of Carter County, Okla. Idem, Bull. 40H, 1927. R. C. Moore: The 
relation of mountain folding to the oil and gas fields of southern Oklahoma. Bull. Am. 
Assoc. Petroleum Geologists, vol. 5, 1921, pp. 33-48. J. V. Howell: Some structural 
factors in the accumulation of oil in southwestern Oklahoma. Econ. Geol., vol. 17, 
1922, pp. 15-33. C. W. Tomlinson: Pennsylvanian system in the Ardmore Basin. 
Bull. Geol. Soc. Am., vol. 38, 1927 (abstract). Ordovician rocks under Healdton have 
been described by Sidney Powers (The Healdton field, Oklahoma, Econ. Geol., vol. 12, 
1917, pp. 594-606), by J. C. Bartram and Louis Roark (The Healdton field, Oklahoma, 
Am, Assoc. of Petroleum Geologists Bull., vol. 5, 1921, pp. 469-474), by J. W. Merritt 
‘Pennsylvanian sedimentation around Healdton Island, idem., vol. 4, 1924, pp. 47-52). 
Ordovician rocks under Hewitt have been described by G. E. Burton (The Hewitt 
oil field, Structure of Typical American Oil Felds, Am. Assoc. of Petroleum Geologists, 
vol. 2, 1929). 
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Although the southeastern end of this line of limestone ridges is close 
to the Arbuckle Mountains, there is an intervening deep trough of 
Pennsylvanian sediments in which no well has penetrated older rocks. 
This trough ‘extends southeastward, and the Preston anticline, north of 
Denison, Texas, is in its center. The trough includes other similar anti- 
clines,** in which the type of folding is very different from that over the 
buried hills. 

Conclusions regarding the geological history of this line of hills, which 
are considered the north rim of the original Wichita Mountains and an 
extension of the present rim between Gotebo and Fort Sill, must be 
reached by a study of sections adjacent to the Criner Hills. 

The Criner Hills (figure 6) were formerly buried, but their eastern 
and larger part was uplifted relative to the adjacent part on the west 
and has been uncovered by erosion. The western part was found by 
drilling in the Crinerville oil field to depths of 1,000 to more than 2,500 
feet. An eroded Ordovician surface slopes westward unconformably be- 
low the upper Glenn.*® On the east side of the hills the Caney shale has 
not been found, and it may be missing because of uplift. The uplift on 
the west side, believed to have been the Wichita Mountains, is recorded on 
the east side in coarse conglomerates near the base of the Glenn forma- 
tion. The Criner Hills and the entire Wichita area are believed to have 
been folded and faulted at that time as they appear today, but they were 
subject to later faulting, warping, and erosion. Beds of conglomerate 
and sandstone are found throughout the upper part of the Glenn, which 
is 9,300 feet thick, and in the lower part of the overlying Hoxbar, 4,000 
feet of which is exposed. Conglomerate is not found in the part of the 
Pennsylvanian basin north of Ardmore or on the south flank of the 
Arbuckle Mountains, but the time breaks are recorded by the fossils. 

The oldest Pennsylvanian rocks on the west side of the Criner Hills 
belong to the middle or upper Glenn, which is overlain by the Hoxbar. 
Farther west the Hoxbar appears to merge into non-marine or shallow 
water beds and to be overlain by the youngest parts of the Cisco forma- 





*% W. L. Goldston, Jr.: Differentiation and structure of the Glenn formation. Bull. 
Am. Assoc. Petroleum Geologists, vol. 6, 1922, pp. 5-23. C. W. Tomlinson: Op. cit 
F. M. Bullard: Geology of Love County, Oklahoma. Oklahoma Geol. Survey Bull. 33. 
1925. F. M. Bullard: Geology of Marshall County, Oklahoma. Idem, Bull. 39, 1926. 
Also U. 8. Geol. Survey Bull. 736a, 1922. 

%® The interpretation of the stratigraphy of the Ardmore Basin has been revised by 
Girty and Roundy. (Notes on the Glenn formation of Oklahoma, Bull. Am. Assoc. 
Petroleum Geologists, vol. 7, 1923, pp. 331-349), who include the Springer member of 
the Glenn in the Caney (H. D. Miser in Okla. Geol. Survey Bull. 35, 1925, p. 26, foot- 
note), and by Tomlinson, who replaced the Cup Coral member by the Dornick Hills 


member. 
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tion, which are red beds at the east and alternating “red” and “blue” 
shale farther west, as recorded in well logs. 

Between the Healdton, Hewitt, and Criner Hills on the south and 
the Arbuckle Mountains on the north, most of the rocks exposed at the 
surface belong to the steeply folded Glenn formation, which is overlain 
unconformably by the Pontotoc conglomerate and Permian “Red Beds.” 
Folding occurred at the time of the last and greatest movement in the 
Arbuckle Mountains and Wichita Mountains, late in Pennsylvanian time, 
when considerable shortening of the mountain area and intervening basin 
took place. 

Some of the oil fields of southern Oklahoma have been discovered be- 
neath the Permian mantle by drilling on anticlinal folds in the Permian 
beds, but no trace of such folds can be found above other fields. The 
superposition of structure in the Permian above the Pennsylvanian is 
poor. 

“RED BED” SYNCLINE WEST OF THE CRINER HILLS 

A deep trough corresponding to that north of the Healdton and the 
Hewitt buried hills may lie between these hills and Red River. Deep 
drilling has shown that this trough contains over 4,700 feet of Permian 
and Pennsylvanian beds, but no well has reached the pre-Pennsylvanian 
rocks. A study of macrofaunas and microfaunas shows that the. oldest 
Pennsylvanian formation is middle or upper Glenn, equivalent to the 
upper Strawn and Canyon in Texas and to the Boggy-Wewoka north 
of the Arbuckle Mountains. The writer believes that the Glenn rests 
directly on the Ordovician. 

Cuttings from wells in the Hambro field, in township 6 south, range 
5 west, show upper Glenn microfossils and a conglomerate of crinoid 
stems (which forms the most productive oil sand), probably of upper 
Glenn age, resting on Ordovician limestone. A few miles south, in the 
Oscar gas field, the upper Glenn is underlain by pre-Cambrian granite. 
The same condition exists south of Red River, in the Nocona field and 
elsewhere. 

The Duncan field is underlain by Glenn sediments*® and Ordovician 
beds were found in the northeast 14 northeast 14, section 32, at 3,548 
feet. 





“ Girty and Roundy have reported fossils from the following localities: E. H. Jones, 
trustee, Springer No. 3, SE. cor. NW. %, sec. 28, T. 1 S., R. 8 W., South Duncan 
field; depth, 2,368 feet: Cisco (letter dated August 7, 1922, to Frank Gouin). Twin 
State Oil Company’s .Bridenthall No. 2, SW. cor. SE. \%, sec. 19, T. 1 S., R. 8 W.; 
depth, 2,408 feet: Cisco above basal Cisco (letter dated May 3, 1922, te Willis Storm). 
J. C. Keys, Ellis No. 1, NE cor. sec. 27, T. 1 S., R. 10 W., Walters gas field; depth, 
2,210 feet; age, undetermined (letter dated April 23, 1920, to J. V. Howell). WNa- 
tional Oil and Development Company, Bullard No. 1, SW. cor., NE. 4%, SW. \, sec. 
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The Loco field is underlain by Pennsylvanian of upper Canyon or 

Cisco age** and by Ordovician at 1,556 feet.*? 
RED RIVER-GAINESVILLE UPLIFT 

An uplift in Texas that lies beneath Permian, Pennsylvanian, and 
Cretaceous beds extends from Foard County, near the west line of Wil- 
barger County, eastward beyond the east line of Cooke County, Texas. 
Future drilling may reveal the full extent of this uplift and may also 
show that many hills are superposed on it in addition to those already 
found. The uplift is not as simple as that which forms the échelon 
hills between the Criner Hills and Gotebo, but includes several more or 
less parallel lines of such hills. Moreover, granite has been found under 
the Pennsylvanian rocks in several anticlines (as at South Vernon,** 
Oscar,** Nocona,** Thalia,** and Sanger*’ instead of the usual Ordovician 
limestone (as in Wilbarger and northern Wichita and Clay counties* 
and at Petrolia,“*? Hambro,®° Waurika,®' and in the Bulcher-Muenster 


ridge *?). 





22, T. 2 S., R. 11 W.; depth, 2,000 feet: Pennsylvanian (letter undated). Elmhurst 
Development Company, sec. 3, T. 1 N., R. 24 W.; depth, 2,780 to 2,994 feet: Pennsyl- 
vanian (letter dated July 29, 1920, to J. V. Howell). J. C. Keys, Grose No. 5, center 
of east line, NW. 4%, NW. %, sec. 26, T. 1 S., R. 10 W., Walters gas field; depth, 
2,152 feet: Permian? (same letter). J. C. Keys, Grose No. 1, same lease; depth, 2,200 
feet: “more probably Permian than Pennsylvanian,” non-marine facies (letter dated 
February 21, 1921, to J. V. Howell). D. K. Gregor reported fossils of Oread age 
(Douglas formation, upper Pennsylvanian), in Keys Petroleum Company, Moyer No. 
1, SE. 4 sec. 21, T. 1 S., R. 1 W., below 1,800 feet. 

“ Owl City Company, Ida Billy No. 9, center of sec. 9, T. 3 S., R. 5 W.; depth, 871 
to 880 feet; determination by G. H. Girty and P. V. Roundy, letter to the writer dated 
February 2, 1922. C. H. Wegemann: Loco gas field, Oklahoma, U. S. Geol. Survey 
Bull. 621c, 1915. Sidney Powers: Age of the oil in southern Oklahoma fields. Trans. 
Am. Inst. Min. Engrs, vol. 59, 1918, pp. 554-579. 

42.Owl Oil Company, Mary Wilson No. 6, NW. \% sec. 9, T. 3 S., R. 5 W. 

* Barclay & Meadows, Stevens No. 14, SE. 4% NW. 4, NE. \, sec. 83: black igneous 
rock at depths of 2,970 to 3,007 feet; Texas Company Zipperie No. 1, south line of 
SE. 4 sec. 24; gneiss (?) at depths of 2,881 to 2,935 feet. 

“Pink granite at depth of about 1,900 feet; also granite gneiss (Econ. Geol., vol. 
17, 1922, p. 248, footnote). 

* Pink granite and gneiss in a number of wells at depths of 1,840 to 2,500 feet. 

“Depth, 2,175 feet (Roxana and Fain-McGaha, Matthews No. 1, 2 miles north of 
Thalia, Foard County). 

4? Depth, 1,870 feet, Kelsey, Jenkins, et al., Wade No. 1, Carpenter Survey, Denton 
County. 

8 Magnolia Oil Company and Texhoma Oil Company Beach No. 1; C. T. R. R. Survey 
443, 3 miles south of Burkburnett oil field; Ordovician (*%) limestone at depths of 
1,500 to 2,995 feet; black igneous rock (gneiss?) at depths of 2,995 to 3,501 feet. 
Many other wells have reached Ordovician limestone, but the first limestone in most 
places is supposed to be of Canyon age. In Wilbarger County, west of the Electra oil 
field, the Texas Company's Waggoner No. 129 found Ordovician limestone at 3,020 feet. 

# U. S. Geol. Survey Bull. 726, 1922, p. 293. 

® Tdem. 

‘i Several Ordovician hills have been reported west and southwest of Waurika, but 
microfossils indicate that the limestone is of Pennsylvanian age. 

° Depth, 1,400 to 2,100 feet. 
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This uplift is known for a length of about 100 miles, and the indica- 
tions are that its width is from 15 to 20 miles where there are échelon 
ridges. Its northern edge, near Gainesville and Waurika, is about 
30 miles from the line of buried hills between the Criner Hills and 
Fort Sill. Connection between the Criner Hills and Gainesville and be- 
tween the buried hills near Waurika and the Ordovician limestone west 
of Lawton has not yet been found. The Red River arch, as it is known 
in northern Wichita County, Texas, there diverges from its general 
northwesterly trend and extends due west. 

On the Ordovician lie Pennsylvanian sediments belonging to the upper 
Canyon and Cisco formations (upper Deese, Hoxbar, and younger beds), 
which are overlain by Permian sediments west of the center of Clay 
County. The base of the Cisco formation is supposed to be one of the 
conglomerates that crop out north of Bonita and that are found at a 
depth of about 600 feet in the Nocona field. Microfossils from a well at 
Muenster have been identified by B. H. Harlton as upper Glenn. 

In northern Wichita County the Permian is believed to be only a few 
hundred feet thick, and the oil-sand series is Cisco.5* Limestones that 
lie below the oil sands and above the Ordovician are correlated on litho- 
logic grounds with the Canyon. Correlation with the Oklahoma section 
is unsatisfactory, and Tomlinson has pointed out, as stated above, that 
the base of the Permian in Texas is about 1,000 feet stratigraphically 
above its base in Oklahoma.* 

For the purpose of this paper the most important fact to be considered 
is that no Pennsylvanian sediments below the upper Glenn (lower 
Canyon, or possibly uppermost Strawn) have been found on the Red 
River uplift or between there and the north rim of the Wichita Moun- 
tains. The Strawn formation extends from the Llano-Burnet uplift 
northward to Wichita and Clay counties, where it is overlapped uncon- 
formably by the Canyon. The Red River uplift is therefore believed to 
be a part of the Wichita Mountain system and to have been folded in 
lower Strawn and lower Glenn time. It was refolded and reuplifted 
several times, the strongest folding of the Pennsylvanian rocks evidently 
occurring late in Cisco time, because the folds in the superposed Per- 





33. C. Glenn: Some paleontological evidence on the edge of the oil-bearing horizon 
at Burkburnett, Texas. Bull. Am. Assoc. Petroleum Geologist, vol. 5, 1921, pp. 154-8. 
Describes Cisco fossils from the well of the Hamilton Oil Association, in sec. 13, T. 
5 8., R. 15 W., Tillman Co., Okla. (north shore of Red River), at a depth 1,581-6 feet. 

%C. W. Tomlinson: Pennsylvanian system in the Ardmore Basin. Bull. Geol. Soc. 
Am., vol. 38, 1927. Powers thinks this discrepancy is due to overlap of the Permian 
south of Red River. Permian fossils are described in U. S. Geol. Survey Bull. 621, 
1916, pp. 19, 35, 45; and in Bull. 602, 1915, p. 25; also by G. D. Morgan, Bureau of 
Geol. Bull. 2, 1924, p. 136. ° 
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mian strata are not so steep as those in the upper Glenn formation oil 
sands at Healdton and Hewitt. The last folding occurred during or 
after Permian deposition. The subsequent movements appear to have 
been gentle warpings. 


GEOLOGIC HISTORY AND GEOGRAPHIC EXTENT 


The geologic history of the relics of the Wichita Mountains that 
project through the Permian plains is obscure because no post-Viola 
limestone (late Ordovician) or pre-Permian rocks are exposed at the 
surface.*> Upper Glenn and younger Pennsylvanian rocks are found on 
the buried flank of the Wichitas, as stated above. 

Drilling has proved that the Wichita Mountains extend continuously 
past the buried Amarillo Mountains into New Mexico. Beds of Ordo- 
vician limestone flank the mountains on the north as far west as 
Gotebo and continue underground in a northerly course into Kansas 
west of Harper County. The limestone is found underground south of 
the mountains and it feathers out westward underground in a general 
southwesterly direction. Whether or not the limestone was originally 
deposited farther west is not known. 

The absence of Silurian, Devonian, and Mississippian formations 
from the main Wichita Mountains suggests pre-Pennsylvanian folding 
and probably regional uplift on the west. Successively younger Per- 
mian formations appear on the west, but the drill records show no rocks 
older than upper Cisco above the granite as far west as eastern New 
Mexico. 

The subsurface geology indicates late Pennsylvanian and early Per- 
mian folding and basin downwarping (seen in the Anadarko and west 
Texas troughs) interrupted locally by Permian folding and faulting and 
followed by gentle folding and broad upwarping after Permian and after 
Triassic sedimentation. Regional tilting after Lower Cretaceous time 
raised the High Plains to their present elevation, so that the regional 
eastward dip is practically the same as the regional eastward topographic 
slope. 

Tue Luano-Burnet UPuirr 


The Llano-Burnet, or Central Mineral region, is 200 miles south of 
the Red River line of folding and about 270 miles south-southwest of the 
Arbuckle Mountains. It is 80 miles long from east to west and 65 miles 





* J. V. Howell: Op. cit. J. A. Taff: Preliminary report on the geology of the 
Arbuckle Mountains in Indian Territory and Oklahoma. U. 8. Geol. Survey Prof. Paper 
31, 1904. Frank Gouin: Geology of Beckham County, Okla. Geol. Survey Bull. 40m, 


1927. 
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wide from north to south, and is composed of pre-Cambrian igneous and 
metamorphic rocks surrounded by Cambrian and Ordovician limestones, 
and it has some sandstones at and near its base.°° The upper limestone 
of this series, the Ellenburger, closely resembles the Arbuckle limestone 
of the same age, in Oklahoma (figure 7). Cheney has recently found 
Silurian fossils in the South Bend oil field, southern Young County, 
depth about 4,200 feet, which Ulrich says suggest “Ferndale, Richmond 
plus St. Clair.”** Therefore it is evident that at least part of the Hunton 
limestone of Oklahoma, or its equivalent, was originally deposited in cen- 
tral Texas, and that most of it was removed during the same erosion 
period which truncated the Hunton limestone in Oklahoma. 

An outer rim of late Mississippian and early Pennsylvanian beds, 
Bend series (figure 8), is found north of the older rocks and outliers of 
the same series occur in the central mass. These beds rest uncon- 
formably on the older rocks. Limestone of Boone age, at the base, is 
overlain disconformably by the Barnett shale, which is of the same age 
as the Fayetteville shale of Oklahoma.** Overlying and overlapping these 
Mississippian formations are the Marble Falls limestone and the Smith- 
wick shale, which are of the same age as the Wapanucka limestone of 
Oklahoma. Farther north, beneath the basin of younger rocks, the litho- 
logic characteristics of these formations change.*® 

Unconformably overlying the older rocks is the central Texas section 
of the Pennsylvanian, at the base of which lies the Strawn formation 
(figure 9), equivalent to the Glenn formation, which is overlain by the 
Canyon and Cisco groups. The Strawn is composed of material derived 
from the east and it thickens northward, away from the Llano-Burnet 
uplift. 





% Sidney Paige: Liano-Burnet, Texas. Geologic atlas of the United States. U. S. 
Geol. Survey, Folio 183, 1912. J. A. Udden and others: Review of the geology of 
Texas. Univ. of Texas Bull. 44, revised ed., 1919. 

57M. G. Cheney: Pre-Mississippian production in Texas. The Oil and Gas Journal, 
April 12, 1928, p. 31. 

533P. V. Roundy, G. H. Girty, and M. I. Goldman: Mississippian formations of San 
Saba County, Texas. U. S. Geol. Survey Prof. Paper 146. M. I. Goldman: Lithologic 
subsurface correlation on the “Bend Series” of north-central Texas. U. S. Geol. Survey 
Prof. Paper 129a, 1922. F. B. Plummer and R. C. Moore: Stratigraphy of the Penn- 
sylvanian formations of north-central Texas. Univ. of Texas Bull. 2132, 1921. G. H. 
Girty : The Bend formation and its correlation. Bull. Am. Assoc. Petroleum Geologists, 
vol. 3, 1919, pp. 71-81. F. B. Plummer: Preliminary paper on the stratigraphy of 
the Pennsylvanian formations of north-central Texas. Idem, pp. 132-145. R. C. 
Moore: The Bend series of central Texas. Idem, pp. 213-237. G. H. Girty and R. C. 
Moore: Age of the Bend series. Idem, pp. 418-420. According to micropaleontological 
determination by B. H. Harlton, the series is of Fayetteville age. 

%M. I. Goldman: Op. cit. Frank Reeves: Geology of the Ranger oil field, Texas. 
U. S. Geol. Survey Bull. 736e, 1923. John A. Udden: Subsurface geology of the oil 
districts of north-central Texas. Bull. Am. Assoc. Petroleum Geologists, vol. 3, 1919, 
pp. 34-38. 


LXIX—BvcLu, Grout. Soc. Am., Vou. 39, 1927 
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The Llano-Burnet area adjoins Llanoris. Wells drilled southwest, 
southeast, east, and northeast of the outcrops of pre-Cambrian rocks 
have found pre-Cambrian schists beneath the Cretaceous. The eastern 
edge of the Pennsylvanian is covered by the Cretaceous overlap and possi- 
ble extensions far toward the east cannot be determined because the 
Balcones and Mexia fault zones, which have been caused by a regional 
depression of the Coastal Plain on the south and east, have dropped the 
older rocks out of the reach of the drill. These fault zones follow a line 
of outcrop which may also be an ancient hinge line®® between the Penn- 
sylvanian and older rocks, because the latter have been found in a 
smoothly curved line along and south of the fault zones from Waco to 
San Antonio; thence westward past Del Rio and Sanderson, and from 
the southwestern part of Terrell County southward into Mexico, where 
outcrops of these rocks occur. 

A northward extension of the Llano-Burnet uplift, the Bend arch, 
runs for more than 120 miles toward Red River and corresponds roughly 
to the northward extension of the Arbuckle Mountains toward Seminole. 

Deformation in Paleozoic time began after the Silurian (Hunton?) 
was deposited. After the deposition of the Barnett shale and Bend series 
(Marble Falls and Smithwick) there was a pronounced uplift of the 
entire region, including Llaneris, and at this time the area now on the 
east side of the Bend arch was warped downward, so that it was covered 
by basal Strawn. The Red River uplift occurred at the same time or a 
little earlier, as recorded in the conglomerates of the lower part of the 
Glenn formation on the east side of the Criner Hills. The northeast part 
of the present Arbuckle Mountains was uplifted at about the same time 
as the Llaio-Burnet region (figure 9). 





© Johan A. Udden: Trans. Am. Inst. Min. Engrs., vol. 57, 1918, p. 1086. Udden 
refers to the Balcones fault zone and to the underlying igneous and metamorphic rocks 
as“. . . an axis of an ancient series of rocks, . . . a line of disturbance which 
certainly must be very old.” 

= W. F. Cummins: Geol. Survey of Texas, First Ann. Rept., 1889, p. 147; Second 
Ann. Rept., 1890, p. 364. E. T. Dumble: The occurrences of petroleum in eastern 
Mexico as contrasted with those in Texas and Louisiana (“following deposition [of the 
Bend series] an uplift occurred, forming the Lampasas geanticlinal, which runs north- 
eastward from the old Paleozoic land area of the Llano region toward Red River’). 
Trans. Am. Inst. Min. Engrs., vol. 52, 1916, p. 250. M. G. Cheney: The economic 
importance of the Bend series as a source of petroleum supply. Oil Trade Journal, 
April, May, 1918. R. T. Hill. Ibid., June, 1918. Dorsey Hager: Geology of the oil fields 
of north-central Texas. Am. Inst. Min. Engrs., Bull. 138, 1918, pp. 1109-1118. W. E. 
Pratt: Am. Inst. Min. Engrs., Bull 140, 1918, p. 1155; also, Geologic structures and 
producing areas in north Texas petroleum fields. Bull. Am. Assoc. Petroleum Geologists, 
vol. 3, 1919, pp. 44-70. William Kennedy: Southwestern Oil Jour., January 4, 1919. 
E. H. Sellards: The underground position of the Ellenburger formation in north-cen- 
tral Texas. Bull. Am. Assoc. Petroleum Geologists, vol. 4, 1920, pp. 283-298, repub- 
lished as University of Texas Bull. 1849, 1920. M. G. Cheney: Op. cit. 
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Strawn sandstone and shale were deposited between the Red River 
and Llano-Burnet uplifts, the upper beds of the Strawn covering part 
of the Red River uplifted beds and probably part of those of the Llano- 
Burnet. The Canyon and Cisco beds are locally unconformable with 
those of the Strawn and with each other. On the west side of the Llano- 
Burnet uplift in some other localities the Canyon overlaps the Strawn 
and the Cisco overlaps all the older formations. 

Conglomerates in the Strawn formation and near the middle and 
top of the Cisco, composed largely of chert pebbles, were derived from 
areas on the east or northeast, because they can be traced for long dis- 
tances along the north-south strike of these formations. During part of 
Strawn time the Wichita Mountains were a land area and the Woodford 
chert was a source of conglomerate pebbles. In Cisco time the Woodford 
was being eroded in the Arbuckle Mountains and granite, sandstone, and 
limestone were being eroded from the central core of the Wichita Moun- 
tains. The western limit of the chert formations that crop out in the 
Ouachita Mountains or of their possible extension in Llanoris in Cisco 
time is not known. The cherts of the Ouachitas were exposed over a 
rather small area in Oklahoma and the chert lentils of the Atoka forma- 
tion are local. 

Some deformation, which is shown in surface outcrops, accompanied 
Pennsylvanian sedimentation. Local buried hills are reflected in the 
overlying sediments** and folds in the Strawn and Canyon formations 
fade out upward and even disappear in the Cisco formation. The Bend 
arch was formed by the downwarping of the western flank after lower 
Strawn sedimentation.®* There is no stratigraphic break at the surface 
between the Pennsylvanian and Permian or between Permian formations, 
but folding and faulting were probably in progress. Drilling in the west 
Texas basin, however, has shown that the “Big Lime” (Word forma- 
tion?) was faulted and gently folded before the deposition of the over- 
lying anhydrite series. 

After the Permian strata were uplifted and eroded there were other 
movements, whose intensity varied from region to region. The down- 
warp of Llanoris on the south and east in Cretaceous time and the frac- 
turing of the Coastal Plain sector in successive belts from the Balcones 





® Sidney Powers: Structural geology of the Mid-Continent region, a field for re- 
search. Bull. Geol. Soc. Am., vol. 36, 1925, pp. 379-392. 

®M. G. Cheney, of Coleman, Texas, advanced this idea of the formation of the Bend 
arch at the meeting of the American Association of Petroleum Geologists in 1927. 

* Sidney Powers: Buried ridges in West Texas. Bull. Am. Assoc. Petroleum Geolo- 
gists, vol. 11, 1927, pp. 1109-1115. 
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fault zone to the edge of the Gulf of Mexico, as loading and subsidence 
continued, were the most important later movements. 


THe MaratTHon UPLIFT 


The Marathon uplift is 200 miles west of the Llano-Burnet region, is 
20 miles west of the western edge of Llanoris as now known from wells, 
and is close to the Front Range of the Cordillera. The Glass Moun- 
tains bound the Marathon uplift on the northwest. Reference is made 
to this distant Marathon uplift because a “window” of Paleozoic rocks 
there exposed affords evidence of folding contemporaneous with Appa- 
lachian folding ®* (figure 5). Still another “window” is the Solitario 
uplift, 50 miles southwest of the Marathon.** Others may exist in 
Mexico, all fringing Llanoris on the north and northwest. 

Upper Cambrian sandstone is overlain unconformably by Ordovician 
chert and limestone, and these are overlain unconformably by the Caballos 
novaculite, of Devonian (?) age, which is correlated with the Arkansas 
novaculite of the Ouachitas. 

Above another unconformity there are shales of the Tesnus forma- 
tion, of Pennsylvanian age. David White assigns the Tesnus flora to 
Pottsville, probably early Strawn time,’ and B. H. Harlton finds the 
Tesnus microfossils in the Caney shale of Oklahoma. According to 
‘Harlton, the Tesnus is younger than the Barnett shale and older than 
the Marble Falls. The Dimple formation, consisting of limestone, black 
chert, and black shale, overlies the Tesnus conformably and contains the 
microfauna found in the Marble Falls of Texas and the Wapanucka of 
Oklahoma. The shale and sandstone of the Haymond formation ever- 
lie the Dimple, but they have not yielded fossils. 

Above these lower Pennsylvanian rocks and separated from them by 
an unconformity, there are the Gaptank formation, of Pennsylvanian 
age; the Wolfcamp formation, of lower Permian age; and, in the Glass 
Mountains, a series of limestones of Permian age capped by the Bissett 
formation, which contains Permian fossils.** 





*C,. L. Baker and W. F. Bowman: Geologic exploration of the southeastern Front 
Range of Trans-Pecos, Texas. Univ. Texas Bull. 1753, 1917, pp. 61-77. J. A. Udden: 
Notes on the geology of the Glass Mountains. Idem, pp. 1-59. 

* Sidney Powers: Solitario uplift, Presidio-Brewster counties, Texas. Bull. Geol. 
Soc. Am., vol. 32, 1921, pp. 417-428. 

* Letter to the writer in 1919, cited by McCoy in Bull. Am. Assoc. Petroleum Geolo- 
gists, vol. 5, 1921, p. 545. Powers: Loc. cit. 

® Philip B. King and Robert E. King have published a revision of the geology of 
this region in Bulletin 2801 of the Bureau of Economic Geology, Austin, Texas. See 
also P. B. King: The geologic structure of a portion of the Glass Mountains of west 
Texas. Bull. Am, Assoc. Petroleum Geologists, vol. 10, 1926, pp. 877-884. The Bissett 
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‘he Gaptank formation consists of conglomerate and alternating beds 
of limestone, sandstone, and shale at its base, shale and interbedded 
limestone in its middle part, and limestone with interbedded shale in 
its upper part. Schuchert, Keyte, and ‘others correlate the lower Gap- 
tank with the Canyon and the Upper Gaptank with the lower Cisco. 
Microfossils confirm this correlation. Mountain-building that formed 
the Caballos Mountains of Schuchert followed Gaptank sedimentation. 

The Wolfcamp formation lies unconformably, at different places, on 
most of the older formations. At some places it has a thick series of 
conglomerates at the base; at others it can not be distinguished with 
certainty from the Gaptank. Its age is in question. The “Uddenites 
zone” of the Wolfcamp is placed in the Gaptank by Keyte and others 
and is correlated with the Cisco, but it is placed in the Wolfcamp and 
regarded as of Permian age by Schuchert and Bése.*® Harlton finds 
Pennsylvanian (Cisco) microfossils in the basal Wolfcamp; but here 
again the position of the Gaptank-Wolfcamp boundary is unknown. The 
Wolfcamp ‘is correlated by Keyte and others with the Cibolo formation 
at Shafter, Texas. 

Another unconformity separates the Wolfcamp from the Hess. The 
Hess, Leonard, Ward, Vidrio, Gilliam, and Tessey of the Glass Moun- 
tains are structurally conformable and are overlain unconfermably by 
the Bissett conglomerate. Schuchert points out that the Permian seas 
came in from the northwest, and that the Leonard and Word are the 
most widespread Permian formations. After their deposition, in middle 
or late Permian time, the sea “became more circumscribed and highly 
saline.” 7° 

Correlation of the mountain-building movements at or before the end 
of Mississippian time and during and at the end of Pennsylvanian time 
with the geologic history of the Llano-Burnet area and of the mountains 
of southern Oklahoma indicates that the Marathon uplift is included in 
the Oklahoma Mountains. The axes of folding trend from northeast 
to southwest. The axis of the Permian folding of the Glass Mountains 





formation. Am. Jour. Sci., 5th ser., vol. 14, 1927, pp. 212:221. I. A. Keyte, W. A. 
Blanchard, and H. L. Baldwin: Gaptank-Wolfcamp problem of the Glass Mountains, 
Texas. Jour. Paleontology, vol. 1, 1927, pp. 175-8. Charles Schuchert: The Pennsyl- 
vanian-Permian systems of western Texas. Am. Jour. Sci., 5th ser., vol. 14, 1927, pp. 
381-401. C. N. Gould and Robin Willis: Tentative correlation of the Permian forma- 
tions of the southern Great Plains. Bull. Geol. Soc. Am., vol. 38, 1927, pp. 431-442. 
Johan A. Udden: Fossils from the Word formation of west Texas. Bull. Geol. Soc. 
Am., vol. 38, 1927, p. 159, finds that the Word and Delaware Mountain formations 
eontain the same fossils. C. L. Baker, Bull. Am. Assoc. Petroleum Geologists, vol. 11, 
1928, pp. 1111-1116. 

*® E. Bise: Bureau of Econ. Geol., Univ. of Texas Bulls. 55, 1916, and 1762, 1919. 

* Op. cit., p. 393. 
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ran from northeast to southwest because of a rejuvenation of the Mara- 
thon uplift, but it is not connected with the Oklahoma Mountains. The 
folds of the Delaware Mountains and other Cordilleran mountain ranges, 
including the buried folds and fault-blocks, trend north-northwest, at 
right angles to the earlier folds, in the same direction as the folds of 
the much younger Cordillera. Another rejuvenation of the Marathon 
iplift and of the uplift of flanking Glass Mountains accompanied the 
Laramide revolution. This movement produced dips of as much as 5 
degrees in the Cretaceous strata surrounding the older rocks and uncov- 
ered buried hills (Baraboo inliers), such as Sierra Madera. 

The Solitario uplift, 50 miles southwest of the Marathon uplift and 
9 miles from the Rio Grande, is a circular unroofed dome of Cretaceous 
limestone in which Paleozoic rocks are exposed—a miniature Marathon- 
Glass Mountains area, similar both in its inclosing unroofed Cretaceous 
dome and in the arrangement of its Paleozoic rocks. In this uplift 
steep northeast-southwest folds of Caballos novaculite are underlain by 
the limestone and shale of the Marathon formation and overlain by the 
shale of the Tesnus formation. The Permian limestone is confined to 
its northwest part. Other Pennsylvanian inliers in this area that lie 
farther west, at Shafter and at Pinto Canyon,” were affected by Permian 
folding. 

The Ouachita Mountains, Llano-Burnet uplift, Marathon uplift, and 
Solitario uplift are peripheral to Llanoris and are within 50 miles of 
schist struck by wells. Pennsylvanian rocks are found in these moun- 
tain structures and on their sides toward Llanoris, but Permian rocks 
are found only on the opposite side. This edge of Llanoris was a Per- 
mian as well as a Pennsylvanian shoreline and was afterward the hinge 
line of the Gulf Coast embayment, and as such became greatly fractured. 


THe ANCESTRAL Rocky MounTAINS 


Interpretations of Willis T. Lee’s Ancestral Rocky Mountains ** have 
moved both in geography and in time. It is generally agreed that the 
beds of Pennsylvanian age were deposited on an uneven granitic base- 
ment, and that the Ancestral Mountain uplift commenced in Pennsyl- 





7 Charles Laurence Baker: Univ. of Texas Bull. 2745, 1927 (1928), p. 10. 

= W. T. Lee: General stratigraphic break between Pennsylvanian and Permian in 
western America (abstract), Bulletin Geol. Soc. Am., vol. 28, 1917, pp. 169-170. Early 
Mesozoic physiography of the southern Rocky Mountains. Smithsonian Misc. Coll., 
vol. 69, No. 4, 1918. Concerning granite in wells in eastern New Mexico. Bull. Am. 
Assoc. Petroleum Geologist, vol. 5, 1921, pp. 163-167; discussion, pp. 329-330. Charles 
Schuchert : Textbook of Geology, pt. 2, 1924, p. 425,(map). N. H. Darton: Geologic 
structure of parts of New Mexico. U. 8S. Geol. Survey Bull. 726e, 1922, p. 202. 
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vanian time. The Pedernal Hills (figure 11), near Vaughn, New 
Mexico, may have been formed by this uplift, because the Yeso forma- 
tion rests on pre-Cambrian rocks.** It is believed that the Glass Mountains 
and the north-northwest-trending faults near the oil fields in the west 
Texas Permian basin, which were developed during Permian (post- 
Word) time, and the folds of the oil fields should be included in the An- 
cestral Rockies. Contemporaneous faulting and probably folding are 
known in the buried Amarillo Mountains (figure 6), but the direction of 
the folding is different from that in west Texas and agrees with that of 
the folding in the Oklahoma Mountains. The Ancestral Rockies there- 
fore appear to be the true ancestors of the present Rocky Mountains, and 
the resultant of a different set of forces from that which folded the Okla- 
homa Mountains. 
SUMMARY 


The Oklahoma Mountain system extends through Arkansas, Okla- 
homa, and Texas, curving from west in Arkansas to northwest in cen- 
tral Texas, to southwest in western Texas. There is a marked change 
in the direction of the axis of folding in western Texas from the north- 
ern to the southern part of the State. The Ozark Mountains resemble 
the Cincinnati and Nashville arches. Llanoris, or at least the southern 
part of Llanoris, has the same position with respect to the Oklahoma 
Mountains as Appalachis with respect to the Appalachian Mountains. 

The Arbuckle and Wichita Mountains and the Llano-Burnet and 
Marathon uplifts are folded parts of the Oklahoma system. The 
Ouachitas Mountains are composed at their west end of overthrust sheets 
that resemble in general the overthrust parts of the southern Appa- 
lachians. 

Early Paleozoic seas in which limestone was deposited extended from 
a point east of the Ozark Mountains southwestward past the Marathon 
uplift. Southeastern arms of these seas, or separate seas, in which shale 
and sandstone were deposited, occupied an area between the Arbuckle 
Sea and Llanoris. This shale and sandstone represents the Ouachita 
Mountain section. 

Periodic oscillations of land and sea continued through Paleozoic time, 





73 Personal communication from E. Russell Lloyd. J. L. Rich: A probable buried 
mountain range of early Permian age east of the present Rocky Mountains in New 
Mexico and Colorado. Bull. Am. Assoc. Petroleum Geologists, vol. 5, 1921, pp. 605- 
608. F. A. Melton: The ancestral Rocky Mountains of Colorado and New Mexico. 
Jour. Geol., vol. 33, 1925, pp. 84-89. Buried granite hills at Picacho (sec. 21, T. 11 
S., R. 18 E.), Anton Chico (sec. 30, T. 11 N., R. 19 E.), and Santa Rosa (sec. 5, 
T. 8 N., R. 23 E.) belong to the Ancestral Rockies, as proved by arkoses in near-by 
wells that did not reach granite (as in sec. 14, T. 15 S., R. 17 E.) and elsewhere. 
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and the most complete sections of the deposits then laid down are found 
in the Arbuckle and Ouachita Mountains. The amount of pre-Penn- 
sylvanian deformation in the Wichita Mountains is unknown, because 
the main granite core of the mountains is overlapped by sediments de- 
posited after early Pennsylvanian folding. There is a marked discord- 
ance between the early Ordovician and the Mississippian formations in 
the Llano-Burnet uplift, and this Devonian (?) uplift is believed to have 
affected all southern Llanoris. The axes of folding in the Marathon 
uplift were probably determined by the same Devonian orogenic move- 
ments. Broad anticlines and synclines in the Arbuckle area were formed 
at the end of Hunton (Devonian) time. 

An additional uplifted, mountain-built area is postulated to account 
for the limestone boulders in the Caney shale of the Ouachita Moun- 
tains—a pre-Ouachita uplift now concealed beneath the overthrust beds 
in these mountains. Beginning early in Mississippian time, folding and 
erosion progressed with sufficient rapidity to expose the Arbuckle lime- 
stone by Caney time, and the boulders in the Ouachita Mountains in the 
Caney and the Wapanucka formation were derived from the uplifted 
area. The Atoka formation is supposed to have covered the eroded 
remnants of this uplifted mass, and the Ouachita Mountains were thrust 
over it near the end of Pennsylvanian time. 

Orogenic movements in late Paleozoic time determined the form of 
all the uplifts. Conglomerates above the Wapanucka (Otterville) lime- 
stone east of the Criner Hills mark the rising Wichita Mountains west 
of these hills. A contemporaneous break in the section is found in the 
Llano-Burnet and Marathon uplifts. The notable uplift of the eastern 
Wichita Mountains occurred soon afterward, in early Glenn time, for 
later Glenn sediments rest unconformably on sharply tilted and trun- 
cated beds of Ordovician limestone. The Llano-Burnet uplift, the Bend 
arch, and the northeastern part of the Arbuckle Mountains were defined 
at this time. The most important Carboniferous movement in the 
Seminole area, along the Seminole-Cushing ridge and in the Nemaha 
Mountains, occurred at the same time. 

Ouachita folding began at about the same time, but the scarcity of 
conglomerate in adjacent outcrops of early Pennsylvanian rocks indicates 
that most of the folding occurred during middle Pennsylvanian time, 
contemporaneously with notable movements in the Arbuckle Mountains. 
Later in Pennsylvanian time the Ouachita Mountains were overthrust 
toward the northwest, overriding the east end of the Arbuckle Moun- 
tains and the pre-Ouachita uplift. At about the same time the Arbuckle 
Mountains were brought to completion and the Marathon region was 
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folded. The beds of conglomerate around the Arbuckle Mountains (and 
probably those around the Wichita Mountains), of late Pennsylvanian 
or early Permian age, were deposited on the beveled edges of older beds. 

All major folding was therefore completed by Permian time, and the 
shortening of the entire region due to compression from the south brought 
into juxtaposition rocks that were deposited many miles apart. 

Folding and warping were spasmodic but frequent throughout Penn- 
sylvanian and Permian time, as is shown by the correlation of logs of 
wells drilled for oil. The Permian and post-Permian orogenic move- 
ments were not so great as the earlier movements, except in the Glass 
Mountains and in the west Texas basin, where they are connected with 
the Ancestral Rocky Mountains, but they compressed still further many 
of the older folds, uplifted some domes, and created new folds. Further- 
more, the broad warping that accompanied and reelevated the uplifts 
caused depressions, such as the Anadarko and western Texas troughs, 
which were outlined by the.end of Pennsylvanian time and were deep- 
ened as sedimentation progressed. 

The most important movements after the post-Permian and post- 
Triassic folding were the early Cretaceous warping and the Tertiary 
warping, faulting, and folding. 
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Hieu River GRAVELS 


In the survey of quadrangles bordering Susquehanna River from 
Harrisburg to below Columbia, Pennsylvania,* river gravels at several 
levels were observed and mapped. The highest gravels were found on 
benches in the Hellam Hills, southwest of Marietta, Pennsylvania, at an 
altitude of 750 feet, 500 feet above the river, which at this point is 240 
feet above sealevel. These hills are composed largely of resistant Cam- 
brian quartzite, which also forms the quartzite cliffs at historic Chickies 
Rock, to the east, where the river cuts through the Hellam Hills. The 
preservation of these old high gravels so close to the river is due to the 
resistance of the quartzite to erosion. The gravel exposed in a road cut 
on the mountain side is composed of smooth, well-rounded pebbles and 
cobbles, chiefly of milky white quartz, the largest 3 inches in diameter, in- 
closed in white sand and in part cemented by limonite to a firm conglom- 
erate and ferruginous sandstone. The deposit covers a flat bench, at an 
altitude of 750 to 720 feet, on the north side of the Hellam Hills, not a 





1 Manuscript received by the Secretary of the Society April 20, 1928. 

2? Published with the permission of the Director of the U. S. Geological Survey. 

% Surveyed by G. W. Stose, of the U. S. Geol. Survey, and Anna I. Jonas, of the Penn- 
sylvania Geol. Survey. 
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mile distant from the river (see figure 1). The gravel-covered area is nar- 
row and has been traced only a few hundred feet from the road into the 
woods, but it probably covers the rest of the wooded bench, which is a 
mile or more in length. Scattered pebbles and fragments of cemented 
gravel derived from the deposit strew the slope below. 
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FicuRE 1.—Map of Gravele along Susquehanna River between Middletown and 
Washingtonboro, Pennsylvania 


Surveyed by G. W. Stose and Anna I. Jonas. 


On another bench, at an dititude of 620 feet, on the north side of 
the Hellam Hills, there is a gravel deposit composed of pebbles of 
quartz and of white, gray, and red quartzite and sandstone, also in part 
cemented by limonite to a firm conglomerate. This bench is in places 
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rather wide, and several patches of gravel and sand have been seen on 
it over an area a mile long, and the bench extends half a mile farther. 
At some places it is less than half a mile from the river. Scattered peb- 
bles have also been found in sandy soil at about this level on the flat tops 
of Pisgah Hill, south of Wrightsville, on the west side of the river. 

There are other patches of river gravels at somewhat lower levels in 
the vicinity of Columbia (see figure 1). On the southeast slope of 
Chestnut Hill, which is composed of Cambrian quartzite and phyllite, 
there are remnants of stream gravel on a bench 480 to 500 feet in alti- 
tude. The bench is covered with sand and angular fragments of Cam- 
brian quartzite of local origin, but there are some rounded pebbles of 
sandstone of more distant origin. Gravel or sand and scattered peb- 
bles occur also at an altitude of 480 to 500 feet on the tops of Chickies 
Rock and the other spurs of Chestnut Hill, close to the river, and on the 
eastern parts of the Hellam Hills, west of the river. Southeast of Co- 
lumbia a rather large area of flat upland, at an altitude of 420 to 460 
feet, is covered with gravel and white sand, which lie on a floor of 
limestone on the flanks of low quartzite hills. The gravel is composed 
largely of smooth, rounded quartz pebbles, but includes some quartzite 
and partly disintegrated chert. 


Low River GRAVELS 


Gravel-covered terraces at much lower levels border the river nearly all 
the way from Harrisburg to a point below Columbia (see figure 1). They 
are especially well developed at and west of Marietta, across the river 
from the Hellam Hills, where the upper gravel may be seen on the 
higher flat benches at an altitude of 340 to 360 feet, about 120 feet 
above the river and 1 mile from it. A lower gravel terrace, on which 
the higher part of the town of Marietta is built, stands at 300 feet, about 
60 to 80 feet above the river. A still lower gravel terrace at 270 feet, 20 
to 30 feet above the river, is occupied by the lower part of Marietta, but 
the gravel and boulders on this terrace are better shown 2 miles west 
of the town. The altitudes of the deposits were determined from the 
contours on recent standard topographic maps and were checked by 
anercid barometer readings—a method as accurate as the study war- 
rants. The upper surface of the original gravel deposit, which probably 
formed a floodplain and closely represented the height of flood water in 
the river at the time of deposition, is at few places preserved, and the 
residual gravel is strewn over a slope which is included within the origi- 
nal thickness of the deposit. The altitude of a remnant of the gravel 
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deposit, therefore, may vary from the original floodplain level more than 
a contour interval, and accurate determination of level is not essential. 

The pebbles in the gravel on the highest of the three terraces on the’ 
higher hills along this part of the river are of great variety, including 
many of red and white sandstone, probably Clinton and Medina, and this 
high terrace has been carefully traced and mapped from Washington- 
boro, below Columbia, to Harrisburg (see figure 2). A small remnant 
of this gravel is well shown on a flat terrace, 300 to 320 feet in altitude, 
a mile south of Washingtonboro, and other small remnants are pre- 
served at this altitude at other points in the narrow embayment around 
Washingtonboro. Patches of this river gravel at 320 to 340 feet occur 
in the town of Columbia. At Marietta the terrace on which these 
upper gravels occur stands at 340 to 360 feet; at Rowenna at 340 to 360 
feet; at Billmeyer, 340 to 360 feet; and at Bainbridge, 360 to 380 feet. 
Between Bainbridge and Falmouth there are only small benches, at 
360 to 380 feet, on which there are remnants of gravel, but north of 
Falmouth the gravel at this level covers an unusually large area, nearly 
3 miles long, in the embayment at the mouth of Conewago Creek. At 
Middletown the upper gravels are well developed at 360 to 380 feet, and a 
wide, level bench, 380 feet in altitude, sharply dissected by later drainage, 
extends beyond Highspire. Small patches of gravel occur on benches 
360 to 380 feet altitude in Steelton. In the southeastern part of Har- 
risburg gravel covers flat benches at altitudes of 380 to 400 feet and 
rises to 420 feet in the northern part of the city. 

The second gravel terrace, 60 to 80 feet above the river, is preserved 
in wide flat benches of much larger extent than the upper terrace. This 
gravel contains many pebbles of white and red ferruginous sandstone 
and chert and some pebbles of granite and gabbro. The deposits include 
many large boulders of quartzite, some of them as much as 3 feet in 
diameter, and a boulder 10 feet long was seen at Harrisburg. At Wash- 
ingtonboro the gravel covers a sloping bench about 24% miles long at 
an altitude of 240 to 260 feet. In Columbia some gravel is seen on the 
260-foot bench. At Marietta, in the higher part of the town, these 
gravels cover an area three-quarters of a mile wide, which culminates 
in a marked level bench at an altitude of 300 feet, covered with loose 
cobble and gravel. This gravel forms a continuous belt along the river 
to a point beyond Bainbridge, where a marked flat bench is preserved at 
an altitude of 320 feet. Half a mile north of Falmouth the gravel rests 
on Triassic red sandstone in a new road cut. Seven feet of gravel and 
an interbedded 6-inch layer of sand here rests on the red sandstone at 
an altitude of 320 feet. The red sandstone of the floor is broken to a 
considerable depth into irregular fragments between which is a filling of 
yellow sand and scattered pebbles and boulders of quartzite. The gravel 
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Fiaure 2.—Profile along Susquehanna River between Middletown and Washingtonboro 


Showing gravel-covered terraces and peneplains. The gravels are represented by heavy lines and their altitude above sea is shown by figures. The names of the terraces are 
those given to terraces at the mouth of the river with which the writer correlates them. 
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contains a variety of pebbles, including fragments of chert and granite. 
The upper part of the deposit, which is largely sand but includes irregu- 
lar layers of gravel and scattered pebbles, forms the top of a terrace at 
340 feet. In Middletown a well-marked terrace at an altitude of 340 
feet lies on one side of the mouth of Swatara Creek. At New Cumber- 
_ land, on the west side of the river, a terrace that stands at an altitude of 

360 feet and that is over a mile wide and 3 miles long fills an embay- 
ment at the mouth of Yellow Breeches Creek. In the northern part of 
Harrisburg this terrace rises to 380 feet. 

The lowest terrace, which stands 20 to 49 feet above the river, is nar- 
row in many places but covers a wide area in others. It also carries 
pebbles of granite and other rocks foreign to the river basin and many 
large masses of quartzite and diabase, the largest 5 feet in diameter. 
This terrace is generally followed by the railroads, which have made 
it unrecognizable in many of its narrow parts by cuts and fills. At 
Washingtonboro and Columbia it is narrow, though readily observable, 
but it is wider from Marietta to Billmeyer. From Middletown to High- 
spire it is well shown as a flat terrace which stands at an altitude of 
about 300 feet and, together with the bottom land, expands to a mile in 
width. The lowland, over a mile wide, on which much of Harrisburg is 
built represents this old floodplain, which stands at an altitude of 320 
to 340 feet. 

The pebbles of granite and diorite in these three gravel deposits must 
have been brought into the Susquehanna basin by glaciers, for such rocks 
do not outcrop in the upper part of the basin. The many pebbles of chert 
also suggest that the gravel was derived from areas outside the drainage 
basin, where cherty limestones abound. The very large boulders, 5 to 
10 feet long, which are so numerous on the two lower terraces, were 
evidently not transported by water but by floating ice. Glaciers there- 
fore came into the headwaters of the Susquehanna while these gravels 
were being deposited, and masses of ice, big enough to transport large 
boulders, floated downstream during this cold period. 


CORRELATION OF LOWER GRAVELS 


A composite profile along the Susquehanna River from Sunbury, 
Pennsylvania, to its mouth, compiled from topographic maps, which 
were supplemented by many observations of terraces and gravels on the 
ground, is given in figure 3. Exact determinations of altitude by 
hand level or other instrument was not made, as already explained. 
Besides gravel-covered terraces and benches adjacent to the river, other 
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features that are believed to represent remnants of peneplains have been 
projected on the profile. From a study of this profile the writer has 
made tentative correlations of the lower gravel-covered terraces in the 
area between Harrisburg and Washingtonboro with those that have been 
mapped and named at the mouth of the river and on the adjacent 
shores of Chesapeake Bay. Correlations of the high gravel-covered ter- 
races and level upland tracts with peneplains recognized in the region 
are also suggested. F 

The middle gravel-covered terrace at Marietta, at an altitude of 300 
feet, about 70 feet above the river, is the most extensive and best pre- 
served terrace in the area mapped. It represents an epoch of prolonged 
stability of the land, during which gravel was deposited over a wide 
floodplain in areas of soft rocks, especially at the mouths of the larger 
tributaries. This gravel contains numerous large ice-borne boulders of 
quartzite and pebbles of quartzose material probably of glacial origin. 
The most prominent and most extensively developed gravel-covered ter- 
race at the mouth of the Susquehanna River is also the middle terrace, 
called Wicomico, which stands 80 feet above the river (see figure 5). 
The gravel of this terrace is said * to contain large ice-borne boulders of 
quartzite 4 feet in diameter and pebbles and cobbles of pre-Cambrian 
erystalline rocks. South of Washingtonboro, in the narrow river gorge, 
which is cut largely in hard pre-Cambrian crystalline schist, the rem- 
nants of terraces are small and scattered and their levels are not trace- 
able for great distances; hence the accuracy of the correlation in this 
part of the profile is not certain. However, the similarity of these mid- 
dle terraces and of their gravels both below and above the gorge, their 
consistent altitude above the present river level, and their nearly uni- 
form gradient within and without the gorge seem to warrant the cor- 
relation of the 300-foot terrace at Marietta with the Wicomico terrace at 
the mouth of the river, as shown in figure 3. 

The upper terrace at Marietta, at an altitude of 360 feet, 120 feet 
above the river, is well defined at many places between Harrisburg and 
Columbia, but is poorly represented in the gorge below Washington- 
boro. It is of about the same extent and has suffered about the same 
amount of erosion as the upper gravel-covered terrace at the mouth of the 
river, at an altitude of 160 feet, named the Sunderland terrace, and 
the gravels of these terraces are therefore correlated by the writer 
(see figure 3). In the vicinity of Marietta the gravel contains a variety 
of pebbles, some of granite and other igneous rock, which were un- 





*F. Bascom and B. L. Miller: Elkton-Wilmington Folio, Geologic Atlas U. S., U. 8. 
Geol. Survey, 1920, p. 13. 
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doubtedly brought into the drainage basin by glaciers. The pebbles of 
granite and chert are considerably etched on their surfaces and dis- 
integrated. The Sunderland formation, at the mouth of the river, is 
similarly described ® as containing erratic ice-borne boulders and peb- 
bles of granitic rocks, many of which are disintegrated. The gradient of 
this upper terrace as thus established is somewhat less than that of the 
present stream or that of the middle terrace. This upper gravel-covered 
terrace has recently been traced upstream from Harrisburg by Leverett,® 
who states that it gradually rises to an altitude of 550 feet at Selins- 
grove, Pennsylvania, where it connects with the outwash from glacial 
drift that he regards as Illinoian (see figure 4). If the correlation of 
these upper gravels with the Sunderland formation at the mouth of the 
river, as suggested by the writer, is correct, the gravel on the Sunder- 
land terrace is a valley train of Illinoian age. The middle terrace, which 
is well developed and covered with gravel throughout the region at about 
120 feet above the river, correlated by the writer with the Wicomico at 
the mouth of the river, thus represents an early or middle Wisconsin 
sub-stage. The still lower terrace, which stands 20 to 30 feet above the 
river and is probably equivalent to the Talbot, at theamouth of the river, 
represents the late Wisconsin sub-stage of glaciation. Leverett has 
reached a different conclusion as to the equivalence of these gravel ter- 
races. On the basis of altitude above the river, composition and 
weathered character of material, and extent of erosion, he correlates 
the upper gravels at Harrisburg, and therefore the Illinoian valley train, 
with the Wicomico. Detailed tracing of terraces and gravels in the 
rocky gorge below Washingtonboro will be required to settle this point, 
but the writer believes that the present evidence favors the correlation 
of the Illinoian with the Sunderland. 


RELATION OF GRAVELS TO IcE INVASIONS 


A kind of rhythm, or a series of cycles of action, is shown by these 
Pleistocene terrace gravels, each cycle including the uplift of the land, 
resulting in the down-cutting of the stream channel, and the sinking of 
the land, resulting in the drowning of the lower part of the channel and 
the deposition of gravel on the floodplain, which was later cut into by the 
next down-cutting of the stream and its remnants left as gravel-covered 
terraces. Each invasion of the sea occurred at a lower level than the pre- 
ceding invasion, so that the net result of each cycle was a retreat of the 





5F. Bascom and B. L. Miller: Loc. cit. 
* Frank Leverett: Bull. Geol. Soc. Am., abstract, 40th annual meeting, 1927, p. 21. 
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Ficure 4.—Map of a section of the Susquehanna River 


Showing the relation of river gravels along the Susquehanna River between Dauphin 
and Washingtonboro to terrace gravels at the mouth of the river and to the Illinoian 
moraine at Selinsgrove. Gravels on the three lower terraces are shown by dot pattern ; 
higher gravels by solid black; Illinoian moraine by ruled pattern. River gorge be- 
tween Washingtonboro and Perryville is narrow and precipitous. 
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shoreline and a lowering of the sealevel, a deepening of the down-cutting 
of the stream and greater elevation of the terraced floodplains. These 
steps were no doubt closely related to and determined by the glacial 
the invasion of the region by the glacier, its melting and retreat, 





eycle 
and the following interglacial stage. It appears that the down-cutting 
of the channel occurred during elevation of the land, preceding each ice 
invasion and during its advance; that sinking of the land and submer- 
gence of the lower part of the valleys, accompanied by deposition of 
gravel on floodplains, occurred during the melting and retreat of the 
ice and the following interglacial stage. The land must have been stable 
for a considerable time in the interglacial stages, during which time wide, 
level floodplains were cut in areas of soft rock and covered with gravel. 
The land has apparently progressively emerged since the deep submer- 
gence after the first invasion by the ice, rising step by step, ofe step in 
each glacial cycle; and it seems reasonable to suppose that the amount 
of uplift of the land after each recurrent submergence was likewise 
progressive and steplike. The deepest channel of the Susquehanna, rep- 
resented by the buried channel in the submerged part of the continental 
shelf, was therefore probably cut when the land stood highest—that is, 
during the latest marked uplift of the land—that which preceded and 
caused the advance of the glacier in the late Wisconsin glacial sub-stage, 
before the Talbot gravels were deposited. 


CORRELATION OF HIGH-LEVEL GRAVELS 


The gravels at an altitude of 440 to 460 feet, southeast of Columbia, 
are more than 3 miles from the river and were apparently deposited when 
the river had a circuitous meander in this part of its course. This de- 
posit is correlated with the Brandywine formation at the mouth of the 
river. Remnants of the Brandywine cap high hills on Elk Neck, in 
Chesapeake Bay? (see figure +). The floor on which these gravels were 
deposited, as shown on the maps in the Elkton-Wilmington Folio, seems 
to stand at an altitude of about 220 feet—a level which accords with 
that of narrow benches that are very marked in the lower part of the 
river gorge and may represent a sub-Brandywine erosion plane (see 
figure 5). The top of the remnants of the highest gravel mapped is 260 
feet, but these remnants are small and their top probably once stood con- 
siderably higher. Several high hills in the vicinity, composed of Cre- 





7 F. Bascom: The resuscitation of the term Bryn Mawr gravel. Prof. Paper 132, 
U. 8S. Geol. Survey, 1924, pp. 117-119; Elkton-Wilmington Folio, U. S. Geol. Survey, 1920. 
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taceous shale and apparently not now capped by 
gravel, have a uniform height of 300 to 310 feet, 
and this level seems to mark the Brandywine pene- 
plain on Elk Neck. There are many broad benches 
at this level at the tops of cliffs and steep slopes in 
the gorge of the river up to the Pennsylvania line, 
but beyond that line they are not so clearly marked. 
The 300-foot plain apparently rises to 440 feet near 
Columbia and to 480 feet at Harrisburg (see figure 
3). At Dauphin, 7 miles above Harrisburg, a well- 
defined gravel-covered terrace at an altitude of 500 
feet is believed to be the equivalent of this pene- 
plain. Doctor George H. Ashley called the writer’s 
attention to the gravel on this bench, which is re- 
markable in that it carries pebbles and cobbles of a 


great variety of rocks, including a brilliant red jasper 


similar to the jaspilite of the Lake Superior region. 
Bedrock of this kind is not known in the Susque- 
hanna drainage basin.® 

Gravels at 480 to 500 feet northwest and north- 
east of Columbia are tentatively assigned to the 
Bryn Mawr level. The name Bryn Mawr ® has been 
applied to the gravels on the upland surface, 400 
to 480 feet in altitude, in the vicinity of Bryn 
Mawr, Pennsylvania. Gravel of probably the same 
age caps the upland from Woodlawn to Craigtown, 
north of Perryville, Maryland, at altitudes of 400 
to 460 feet (see figure 5). The upland in this 
vicinity and as far north as the Pennsylvania State 
line has a general altitude of 400 to 420 feet, and 
this surface apparently represents a peneplain on 
which the Bryn Mawr gravels were laid down. In 
some places the top of the gravel stands at 460 feet, 
but this level does not seem to be widely represented 
in the topography. Farther north in Pennsylvania 
the upland is cut on harder rocks and is much 
higher, representing an older peneplain, and only 
narrow benches along the gorge of the Susquehanna 


® The source of this material has recently been found to be the Pottsville conglomerate 
which caps the adjacent mountain. 
®*F. Bascom: Lac. cit. 
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and its larger tributaries were apparently reduced to the Bryn Mawr 
level (see figure 6). Above the gorge of the river the upland is again 
lower, and the Bryn Mawr peneplain is preserved at about 520 feet on 
benches on the Manor Hills, Chestnut Hill, and Pisgah Hill near Colum- 
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Figure 6.—North Entrance to Gorge of the Susquehanna 


The illustration shows the level upland, 600 to 700 feet in altitude, into which the 
gorge is cut. Turkey Head, promontory at left. 
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Ficure 7.—Levrel Terrace on Spur of Chestnut Hill, north of Columbia 


The terrace is 480 to 500 feet in altitude, and river gravels on it are correlated with the 
Bryn Mawr. 


bia, and on the hills composed of Triassic rocks southeast of Middletown. 
The gravel on the flat top of Chickies Rock and the other spurs of Chest- 
nut Hill to the south (see figure 7), 480 to 500 feet in ‘altitude, and on 
benches on the south side of Chestnut Hill at 500 feet are apparently of 
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this age. This plain is probably also equivalent to the peneplain that was 
formed over large areas of soft Ordovician and Triassic shale throughout 
a considerable part of southeastern Pennsylvania, a peneplain which forms 
the upland floor of the limestone-shale valley east of Harrisburg at an 
altitude of about 560 feet, generally called the Harrisburg peneplain. 

Gravels at an altitude of 600 to 620 feet, on Pisgah Hill, on the west 
side of the river south of Columbia, and on the north slope of the Hel- 
lam Hills, south of Marietta, are considerably older, and the high 
gravels, at 700 to 750 feet, on the north slope of the Hellam Hills, 500 
feet above the river, are the oldest known gravels in the region. The age 
of these high gravels, as well as the identification of the peneplains with 
which they are associated, is very uncertain, and conclusions regarding 
these subjects are speculative. 


AGE OF THE HIGHEST GRAVELS 


According to the theory that the highest flat hilltops of the Piedmont 
represent the Kittatinny peneplain, and that the lower level of that 
peneplain in this region, as compared with its position on the mountain 
tops northwest of the Cumberland Valley at Harrisburg, is due to post- 
Cretaceous faulting along the old Triassic fault-plane northwest of Mid- 
dletown,'® the Kittatinny peneplain is preserved in the tops of the Hellam 
Hills at about 1,000 feet and in Conewago Mountain at 1,040 feet. The 
sharp diabase peaks northeast and southeast of Middletown, which rise 
to altitudes between 1,180 and 1,380 feet, are regarded as unreduced 
monadnocks of resistant rocks, which stand above this old peneplain. 
The next lower peneplain, also postulated to have been dropped down 
in the Piedmont region by post-Cretaceous faulting, is the Weverton, 
which is apparently represented by the flat top of Mount Pisgah (740 
feet) and by flat tracts on the Hellam Hills at the same altitude. The 
high gravels at 740 feet on the north slope of the Hellam Hills, 500 feet 
above the river, cover part of this terrace and are therefore tentatively 
correlated with the Weverton peneplain. The Kittatinny peneplain is 
generally regarded as Lower Cretaceous or late Jurassic and the Wever- 
ton as Upper Cretaceous. In figure 3 these peneplains are respectively 
shown as bending down beneath the Cretaceous and Upper Cretaceous 
formations on the Coastal Plain, but these correlations should not be 
accepted as established. It is fairly certain, however, that both of 





(3. W. Stose: Possible nost-Cretaceous faulting in the Appalachians. Bull. Geol. Soc. 
Am., vol. 38, 1927, pp. 493-504, 
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these higher gravels are much older than the Bryn Mawr gravels, which 
strew the upland surface on the margin of the Coastal Plain and are 
probably of late Tertiary age, and that they are of early Tertiary or 
possibly late Cretaceous age. 
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INTRODUCTION 2 


The Matilija overturn is on the southern margin of the Santa Ynez 
Mountains, 30 miles east of Santa Barbara and 80 miles northwest of 
Los Angeles, in Ventura County, California. The name is taken from 
a station on the Ventura-Ojai Branch of the Southern Pacific Railroad 
and from Matilija Springs, on Matilija Creek, 3 miles north of the 
station. 

The area in which the principles illustrated by the overturn may be 
considered significant embraces the coastal district inland-from the Santa 
Barbara Channel. It is a somewhat irregular area beginning 20 miles or 
more northwest of Los Angeles and extending northwestward to Point 
Conception (figure 1). The conclusions given in this paper are based 
on detailed maps prepared during parts of the years 1926, 1927, and 
1928 and on several published reports on parts of the area. 

The structural characteristics of the region near Matilija may be 


1 Manuscript received by the Secretary of the Society April 2, 1928. 

? The authors wish to express their appreciation of discussion and constructive criti- 
cism offered in the preparation of this paper by Profs. C. F. Tolman, Jr., and Eliot 
Blackwelder, of Stanford University ; Prof. Douglas W. Johnson, of Columbia University ; 
Dr. W. S. W. Kew, Los Angeles, California, and Dr. Thomas L. Bailey, Ventura, Cali- 
fornia. 
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The Matilija overturn is shown in the central part of the map. 
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summarized as follows: first, the structural features have been formed 
by the movement of overthrust blocks from the inland toward the coast; 
second, the usual features produced by this movement are thrust-faults 
or overturned folds or combinations of the two; third, the direction of 
release of pressure is commonly the same, whether the resultant structure 
is a fold or a fault, the local conditions or the nature of the strata being 
the deciding elements. 

The structural feature to which particular attention is here directed 
extends axially from east to west and is a broad anticlinal fold of massive 
beds of sandstone and shale, which are overturned toward the south. 
The fold offers little novelty, considered as a structural type, for an 
asymmetrical arch of this kind is to be expected in massive and mod- 
erately competent strata that have been compressed under a com- 
paratively light load. The feature is worthy of attention, however, ix 
view of the significant relation it bears to the general deformation in the 
southern Coast Ranges of California. 


STRATA AT MATILIJA 
ORDER AND THICKNESS 


Three sedimentary formations are exposed at Matilija. The oldest is 
the Chico (Cretaceous), the youngest is the Sespe (Oligocene), and be- 
tween: the two is the Tejon (Eocene). The total thickness of these 


formations is about 16,500 feet, divided about as follows: 
Feet 
Sespe (Oligocene (7?) ) 
Tejon (Eocene) 
Chico (Cretaceous ) 


CHICO FORMATION 


Gray to black indurated shale, with intercalated beds of arkose sand- 
stone, predominates throughout the Chico formation. Ripple-marks, 
mud-cracks, cross-bedding, ellipsoidal nodules, concretions, fracture 
cleavage, and slickensides are common, but fossils are scarce. Those 
that have been collected include poorly preserved ammonites, /noceramus, 
and a few species of gastropods and pelecypods, as well as numerous 
remains of plants and some arenaceous Foraminifera. The base of the 
formation is not exposed in the immediate vicinity of the Matilija over- 
turn. 

TEJON FORMATION 

The rocks of Eocene age are divided into three lithologic units, each 

of which carries marine fossils that are regarded as characteristic of the 
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‘Tejon formation of California. The necessity for giving these units 
specific names has become apparent, and two new names are therefore 
suggested—Matilija sandstone and Cozy Dell shale. The youngest unit 
of the Tejon formation is the Coldwater sandstone, already named and 
defined by Watts.® 

The Matilija sandstone rests without apparent angular discordance 
on the Chico shale. The massive arkose at the base of the Matilija is 
more resistant than the underlying shale and forms a convenient guide 
for differentiating the formations. This unit, comprising beds about 
2,500 feet thick, in which sandstone predominates over shale, is well 
exposed in the canyon at Matilija Springs,* selected as the type locality, 
as well as on the top of Topatopa Bluff, on the south side of Santa Paula 
Ridge, and on San Cayetano Mountain. Near the springs is a bed of 
lignitic facies, distinguished by abundant specimens of Metacerithium, 
Ostrea, and other mollusks embedded in a green and purplish sandy 
shale, and the same bed is found farther east at the same position in the 
geologic column. Other fossils collected from scattered localities include 
Nekewis io (Gabb), Turritella uvasana Conrad, Meretrix hornti (Gabb), 
Pitaria wvasana (Conrad), Glycymeris sagittata (Gabb), Psammobia 
hornit (Gabb), and Spatangus tapinus Schenck. 

The Cozy Dell shale lies disconformably above the Matilija sandstone 
and below the Coldwater sandstone. The name Cozy Dell is proposed 
for the rhythmically bedded green micaceous shale and sandstone that is 
typically exposed in Cozy Dell Canyon, on the east side of Ventura 
River. This unit has an aggregate thickness of about 2,500 feet and 
carries such molluscan fossils as Amaurellina moragai Stewart, Ectino- 
chilus (Cowlitzia) canalifer (Gabb), and Ficopsts hornit Gabb. 

The third stratigraphic unit of the Tejon is the Coldwater sandstone, 
vhich in the area mapped is characterized by white, friable arkose sand- 
stone, interbedded reddish sandy shale, and massive hard ledges com- 
posed of numerous shells of Ostrea idriensis Gabb. The striking red 
and green beds of shale and the gritty white sandstone form the most 
distinctive features of the member. These colored beds show remark- 
able continuity, having been traced more than 40 miles along the Santa 
Ynez Range westward from the type locality in Coldwater Canyon, 
where, according to Kew,° they have the same lithologic features. The 


3’ W. L. Watts: Oil and gas yielding formations of California. Bull. 11, 1896; Bull. 
19, 1900, Calif. State Mining Bureau. 

*The localities mentioned in this paper will be found on the Ventura, Santa Paula, 
Piru, and Mount Pinos sheets of the topographic maps of the United States published 
by the U. S. Geological Survey. 

5 W. S. W. Kew: Geology and oil resources of a part of Los Angeles and Ventura 
counties, California. U. S. Geol. Survey Bull. 753, 1924, p. 28. 
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Coldwater sandstone is about 2,500 feet thick near Matilija, and at 
several places it carries such Tejon fossils as Turritella uvasana Conrad, 
Venericardia horn Gabb, and Pecten calkinst Arnold. : 


SESPE FORMATION 


The continental Sespe formation, originally defined by Watts ® under 
the descriptive term “Sespe brownstone,” is about 4,000 feet thick in 
this region. It consists of interbedded massive, unfossiliferous sand- 
stone, shale, and conglomerate. Most of its constituent minerals are 
characteristic of granitic and Franciscan rocks.’ An interval of erosion 
probably occurred between the deposition of the Eocene and the Sespe 
formation, for the Sespe contains boulders of characteristic Eocene 
Lithothamnion limestone and fossiliferous Tejon Eocene sandstone. No 
marked angular unconformity, however, was observe@ between the Cold- 
water sandstone and the Sespe or between the Sespe and the over- 
lying mar’ - Vaqueros (lower Miocene) fossiliferous sandstone. The 
stratigraphic position of the Sespe formation indicates that it is of 
Oligocene age. 

THe Matitiza OVERTURN 


The Matilija overturn, which extends in general from east to west, 
embraces an area of approximately 40 miles. It terminates in a normal 
anticline on the west and is cut by a thrust-fault on the east. Its location 
in relation to the adjoining structural features is shown in figure 1, a 
sketch map compiled from field observations made by the authors and 
from the reports listed in the footnote.* 

Broadly considered, the folded beds consist of shale and sandstone. 
Where they are sufficiently thick, the beds of shale are more deformed 
than those of sandstone, many of which here include beds of shale. 
The lower bed of shale (Chico), the thickest of the shale beds, is in 





® Op. cit. 

7 Vincent P. Gianella: Minerals of the Sespe formation, California, and their bearing 
on its origin. Bull. Am. Assoc. Pet. Geol., vol. 12, 1928, pp. 747-752. 

8 Ralph Arnold: Geology and oil resources of the Summerland district. U. S. Geol. 
Survey Bull. 321, 1907, pl. L. 

Ralph Arnold and Robert Anderson: Geology and oil resources of the Santa Maria 
oil district. U. S. Geol. Survey Bull. 322, 1906, pl. 1. 

William S. W. Kew: Geology of a‘ part of the Santa Ynez River district, Santa 
Barbara County, California. Univ. Calif. Publ. Bull., Dept. Geol., vol. 12, 1919, pl. 1. 
Geology and oil resources of a part of Los Angeles and Ventura counties, California. 
U. S. Geol. Survey. Bull. 753, 1924, pl. 1. Geologic sketch of Santa Rosa Island, Santa 
Barbara County, Calif. Bull Geol. Soc. Am., 1927, vol. 38, fig. 1. 

Richard N. Nelson : Geology of the hydrographic basin of the Upper Santa Ynez River, 
California. Univ. Calif. Pub. Bull., Dept. Geol. Sci., 1926, vol. 15. 

Bailey Willis and H. O. Wood: Fault map of the State of Calitornia, issued by the 
Seismological Society of America, 1922. 














1 sandstone), on the upper part of the ridge, rests on the middle member (Cozy Dell shale) lower down. The 
rtical outcrops of Matilija sandstone, in the foreground, are a direct continuation of the strata along the crest of the 
ridge, which ta 2.250 feet above the road 
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places folded, the axes of the folds lying parallel to the axis of the major 
folds, as they usually do in drag folds. The axial planes dip in the same 
direction as the plane of the major fold, the symmetry of which is con- 
trolled by the beds of sandstone. These beds, although more competent 
than those of shale, retain flexibility to a degree that is unusual in ma- 
terial so massive. Their flexibility in folding is apparently due to an 
inherent tendency of the beds to slip along the bedding planes and to 
produce extensive systems of joints. Much of the pressure in the beds of 

*sandstone has been released by movement along bedding planes and 
joints. This fact is disclosed by an examination of exposures such as 
are shown in figure 2, which pictures an outcrop of the lowest sandstone 
of the Tejon formation (Matilija). The folding has left the beds in a 
nearly vertical position, as is clearly shown by the stratification. Each 
bed is in itself greatly fractured, and in addition there are many slicken- 
sides, both on bedding planes and along joints. The movement within 
and along the strata has been sufficiently extensive to produce extreme 
contortion of the formation as a whole, but has not produced extensive 
faults. 

The axis of the overturn is curved where the Ventura River cuts 
through the Santa Ynez Range east of Matilija Hot Springs, at the 
locality shown in figure 3, which is reproduced from a photograph of a 
part of the south limb of the overturn taken within the area of bending. 
All the beds in view, including the Cozy Dell and Matilija members of 
the Tejon formation, are of Eocene age. In the main ridge, in the back- 
ground, the contact between the shale and the sandstone is about half- 
way up the slope, at the base of loosened blocks of light-gray sandstone. 
The relatively smooth slopes below, which show a few thin protruding 
beds of sandstone, are composed of eroded Cozy Dell shale. The Matilija 
sandstone, seen in the foreground of figure 3, strikes northeast and dips 
northwest at an angle of about 80 degrees. On the ridge in the back- 
ground the same beds strike about west and dip north at an angle of 
about 50 degrees. The abrupt change in strike is parallel to the curve in 
the axis of the overturn. The dimensions in the figure may be judged 
by the fact that the road in the foreground is about 30 feet wide. 

Figure 4 illustrates the normal easterly trend of the axis of the fold. 
The twist transverse to the general trend is due to something more than 
the release of the normal north-south pressure that caused the over- 
turning, probably in part to the release of horizontal east-west pressure. 
Beyond this, the significance of the bend is not clear. Corresponding 
curves, however, appear in several adjacent structures on the south, and 

LXXI—BUwLL. GEoL. Soc. AM., VoL. 39, 1927 
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there is a possibly similar though much broader curve in the San Andreas 
fault, 30 miles to the north. 


SIGNIFICANCE OF THE OVERTURN 


The general features of parts of the Santa Ynez Range have been 
recognized for several years, but a survey of the literature shows that the 
nature of the overturn has not been appreciated. It is bent along 
the axis in a significant manner. Corresponding curves also appear 
in several adjacent structures on the south, and there is a possibly 
similar, though much broader, curve in the San Andreas fault, 30 
miles to the north. Antisell® believed that the elevation of the Santa 
Ynez Range was produced by forces acting in a northwest and southwest 
direction, and Whitney *° recognized that the range has “the form: of a 
great arch.” Fairbanks™ similarly noted that it was anticlinal, but 
Arnold appears to have been the first to recognize overturning. He 
writes :*7 

“The great anticline of the Santa Ynez Range is believed to be the west- 
ward continuation of the overturned anticline which affects the rocks of the 
Topatopa Range north of the Ojai Valley, 15 miles east of the Summerland 
district.” 


The relation of the overturn to other major structural features of the 
district becomes apparent on a map such as figure 1. An examination 
of this map and of the results of field studies leads to several generaliza- 
tions that are applicable throughout the area covered by the Matilija 
overturn and more or less adjacent structures. These generalizations 
may be summarized as follows: 

1. The individual structural features of the district are not continu- 
ous for great distances. 

Sixty major structural features south of the San Andreas fault are 
plotted on figure 1. None of these can be traced with certainty for 
more than 30 miles, the average length of the structural axes being 
about 7 miles. It is therefore believed that all the structural features 
of the district are of slight extent, no greater than the Matilija over- 


®* Thomas Antisell : Geological Report, Pacific Railroad Reports, vol. 7, part 2, chapter 
X, Santa Barbara Mountains, 1857, pp. 65-74. 

” J. D. Whitney: Geology of the Coast Ranges. Chapter V, The Coast Ranges south 
of the Bay of Monterey. Geol. Survey of California, Geology, vol. 1, 1865, pp. 108-166. 

“1H. W. Fairbanks: Geology of northern Ventura, Santa Barbara, San Benito, San 
Luis Obispo, and Monterey counties. Twelfth Annual Report, California State Mining 
Bureau, 1894, p. 11. 

“2 Ralph Arnold: Geology and oil resources of the Summerland district, Santa 
Barbara County, California. U. S. Geol. Survey Bull. 321, 1907. 
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turn, for instance. Although the Santa Ynez Range is almost 100 
miles long and is underlain for the greater part of that distance by 
beds like those in the range itself, the Matilija overturn is only one of 
several discontinuous anticlinal features, of varying form, in this range. 

2. En échelon parallelisms of structural axes is common throughout 
this area. 

A study of the map shows that not all the structural features are 
straight or parallel to the usual trend. In general, however, a struc- 
tural alignment is evident. The structural lines may be compared to 
the flow banding in a gneissoid rock, in which the general direction of 
the banding is indicated not by individual streaks, but by a summation 
of all of them. , 

3. The axial planes of a number of overturned folds dip north or 
northeast. 

It is neither necessary nor profitable to consider here all the over- 
turned folds in the region, but several of the principal folds are suffi- 
ciently illustrative. The Matilija overturn is the most prominent of 
these folds. North of Carpinteria, near the crest of the Santa Ynez 
Range, there is another overturned fold that is similar in form and 
stratigraphy to that at Matilija. Sulphur Mountain, near Santa Paula, 
and Red Mountain, north of Ventura, also exhibit overturning. There 
is an overturned fold in the Sespe formation on the eastern border of 
the Santa Barbara quadrangle. The structural features indicated are 
of major size in their respective districts. All have axial planes that 
dip to the north, and their chief features have been fully shown by 
detailed mapping. 

4. Many of the principal fault-planes are not vertical, but dip north 
or northeast. 

Those that have this dip are shown on the map by the proper symbol. 
Several of the fault-planes observed dip at angles of 45 to 50 degrees 
to the north. Most of the planes are warped and all show great dif- 
ferences in dip, even over short distances. In the work of mapping 
the Ventura and Santa Paula quadrangles, several almost vertical 
planes were noted, but no major plane was found that dips to the south, 
though many dip to the north. The dip of the fault-planes generally 
agrees in direction with the inclination of the axial planes of the over- 
turned folds, the two grading into each other at times. In fact, the 
Matilija overturn terminates at its east end in a thrust-fault having 
a northern dip. 

5. The main trend of the structural axes is parallel to the trace of 
the San Andreas fault, a curve in the line of that fault being accom- 
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panied by a corresponding curve in the strike of adjacent structural 
features. ; 

The San Andreas fault runs nearly southeastward through California, 
except near the south end of the Great Valley, where it swings almost 
eastward. ‘Twenty-five miles south of this part of the fault the Coast 
Ranges similarly trend east and west, causing the Santa Ynez Range 
to meet the Pacific Ocean at an acute angle at Point Conception. 

The map (figure 1) shows that in the area north of Point Concep- 
tion the structural lines trend northwest-southeast, the usual direction 
in the Coast Ranges, and that 100 miles to the south, in the vicinity of 
Los Angeles, they have a similar trend. Between the two extremes, 
however, in the central portion of the figures, the trend is east-west. , 

6. The character of the deformation is greatly influenced by differ- 
ences in the type of material. 

Few regions contain as many different types of sedimentary rock as 
are found in this part of the Coast Ranges of California. These types 
are deformed in distinctive ways. Three examples are selected for 
illustration : 

(a) Geologists in California are familiar with the closely folded, 
faulted, and contorted thinly laminated siliceous shales, variously re- 
ferred to as Monterey, Modelo, Maricopa, Puente, and Salinas shales. 
The structure of such rocks corresponds to the drag type of fold in in- 
competent beds. They are of minor magnitude and generally have 
steep dips. 

(b) Folds of this nature offer a marked contrast to those in massive 
Eocene sandstones. The Eocene strata are competent to resist deform- 
ing pressure, which produces in them structures of large amplitude. 
As the two divergent types were produced during the same period, the 
conclusion is natural that the nature of the rock is an important factor 
in determining the character of the structure. 

(c) A third example is the soft, easily eroded sandstone and shale 
of the Pliocene formations, which generally suffer less change of atti- 
tude in folding. No high mountains occur in areas underlain by 
Pliocene rocks, and the folds produced in them are broad and com- 


paratively simple. 

The structure produced by the deformation of these three types of 
rock may thus be characterized as closely folded and local for the 
siliceous Miocene shales, open and extensive for the Eocene, and mod- 
erate for the Pliocene. All three may be seen within a distance of 
five or six miles of one another, all deformed by the same general post- 
Pliocene diastrophism and under an equally moderate load. 
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7. The direction of the release of pressure of the overthrust blocks 
is in general from the inland toward the coast. 

It has been suggested ** that submarine forces, acting along the Cali- 
fornia coast at this point, produce a series of thrust-faults that gradually 
curve outward with increase of their depth beneath the surface of the 
ocean. Detailed mapping and study of adjoining areas already mapped 
do not appear to support this suggestion. On the contrary, the pre- 
ponderance of evidence points to a release of pressure in the opposite 
direction—from inland toward the coast—and that the principal fault- 
planes dip toward the north. 

Such major structures as the San Cayetano fault, mapped by Kew," 
and the Sulphur Mountain and fisar faults, in the Ventura and Santa 
Paula quadrangles, furnish excellent examples of thrust-planes having 
a definite northward dip. Each overthrust block has moved from in- 
land toward the coast, and the fault-planes lie at an angle directly 
opposite to one which would curve outward beneath the ocean. Over- 
turned structures such as are illustrated by the Matilija cverturn appear 
to have been overturned by movement from inland toward the coast. 

Deformation of this type may be the result either of overthrust from 
inland or of underthrust in the opposite direction. In the vicinity of 
Matilija, however, forces acting in the opposite direction, from the 
coastal side, would have to act through about 18,000 feet of soft Pliocene 
and Pleistccene strata in the Ventura basin. The pressure of soft 
strata against a more competent and much harder mass in the Santa 
Ynez Range should produce, it would seem, much greater folding and 
faulting in the younger rocks than that actually observed. On the 
other hand, there is no reason to disbelieve that deep-seated subcoastal 
forces have acted through older and more competent underlying rocks. 
Although the study of this subject more properly belongs in the field 
of tectonics, it seems apparent that overthrusting from inland near the 
surface is consistent with deep-seated movement occurring in the oppo- 
site direction. 

Those who have proposed the hypothesis of subcoastal pressure have 
supposed that the movement from the coast extended to the surface, 
and have paid considerable attention to tentative conclusions published 


13 Bailey Willis: A study of the Santa Barbara earthquake of June 29, 1925. Bull. 
Seis. Soc. Am., vol. 15, 1925, pp. 255-278; La Force Sismique en Californie: Livre 
Jubilaire Publié a l'occasion du Cinquantenaire de la fondation de la Société Géologique 
de Belgique, 1927. 

“Ww. S. W. Kew: Op. cit., U. S. Geol. Surv. Bull. 753. 

4 William Bowie: Earth movements in California. U. S. Coast and Geodetic Survey 
Special Publication No. 106, 22 pp., 1924; Bull. Geol. Soc. Am., vol. 35, 1924, pp. 
60-62. 
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in papers of the Coast and Geodetic Survey ** in regard to earth move- 
ments. Some have assumed that the published data show actual inland 
movement of the earth along the coast of California, on account of dis- 
placements in triangulation stations, that are in possible accord with 
this hypothesis. 

The proof of earth movement offered by the retriangulation of the 
California coast in 1922-23 was tentative. Later work of the Survey, 
in 1923-24, confirmed, in large measure, the conclusions regarding earth 
movements reached in the earlier retriangulation in the coastal parts 
of central California between Monterey and San Francisco, but a recent 
resurvey of the triangulation system in the southern part of the State, 
where the earlier work was incomplete, shows no displacement other 
than that which may be accounted for by probable instrumental error. 
A chart comparing the geographic positions of triangulation stations 
in California prior to 1900 with the positions of the same points as 
determined during 1923-24 has recently been prepared by the Survey 
and was kindly furnished the writers for inspection. The chart was 
computed on Santa Barbara as a base and includes triangulation stations 
along the coast throughout the area here considered. As the conclusion 
established by the chart in regard to earth movements is entirely negative, 
it is not here reproduced. The conclusion reached concerning southern 
California by comparing the survey of 1900 with that of 1923-24 is 
contained in a statement issued from the office of the Director, to the 
effect that “all of the differences in geographic positions shown on the 
sketch . . . result from unavoidable accidental errors of triangula- 
tion rather than from earth movements; or, to put it another way, the 
sketch does not prove that any earth movements have occurred at the 
stations shown on the sketch.” *® As the stations shown on the sketch 
referred to lie between Santa Maria and Los Angeles, the triangulation 
covers the coastal portion of the area here considered. The evidence 
seems to indieate that no general movement has recently taken place 
in the region in southern California covered by the triangulation net- 
work. In view of this fact, even greater weight must be placed on 
the geologic evidence, which indicates that the overthrusting has been 


% We desire to acknowledge the kindness of Dr. William Bowie and the members 
of the Division of Geodesy of the Coast and Geodetic Survey in furnishing informa- 
tion regarding movements of triangulation stations and in carefully explaining the 
significance to be attached to the figures given. 














CONCLUSIONS 1101 


produced by a release of pressure on the upper blocks from inland toward 


the coast. 
CoNCLUSIONS 


The explanation of the Matilija overturn furnishes a key to the gen- 
eral principles underlying the deformation in the surrounding region. 
The following general conditions have been observed : 

1. The variation in the character of the deformation is greatly in- 
fluenced by differences in the type of the material deformed. 

2. The main trend of the structural axes is parallel to the trace of 
the San Andreas fault, a curve in the direction of the fault being accom- 
panied by a corresponding curve in strike lines of adjacent structural 
features. 

3. The individual structural features of the district are not con- 
tinuous for great distances. 

4. In general, the structural axes show en échelon parallelism. 

5. The axial planes of most of the overturned folds and of many of 
the principal faults are not vertical, but dip to the north or northeast. 

6. The major release of pressure on overthrust blocks is probably from 
inland toward the coast. 
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INTRODUCTION 


LOCATION OF THE AREA STUDIED 


The Oquirrh Range is in west-central Utah, about 15 miles west of 
the Wasatch Range, from which it is separated by the nearly level 





1 Manuscript received by the Secretary of the Society June 14, 1928. 
Published by permission of the Director of the United States Geological Survey. 
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Jordan Valley. Its north end, which is about 20 miles from Salt Lake 
City, is washed by Great Salt Lake, from which the range extends south- 
ward for about 25 miles. Owing to the southeasterly trend of the 
Wasatch Range, the two ranges diverge somewhat toward the south, and 
between them stands another range, the Lake Mountains. 

The southern half of the range, which is the part of it studied in 
detail by the writer, is included in the Stockton and Fairfield quad- 
rangles of the U. S. Geological Survey Topographic Atlas. 


PREVIOUS WORK 


Basin Range faulting along the west front of the Oquirrh Range was 
long ago recognized by Gilbert,? who described the fault at Ophir Creek 
and assumed that it was continuous with the fault he noted at the ex- 
treme north end of the range. Atwood, in 1916,° made a short recon- 
naissance of the range, during which he recognized the fact that its 
north end is faulted, but he specifically rejected the possibility of fault- 
ing south of Tooele, and accordingly minimized faulting as a factor in 
the production of the range as a topographic unit. 

’ Davis ¢ casually mentions faults along the west front of the Oquirrh 
range, but*gives no detailed description of them. It is evident, how- 
ever, that he attributes the present range to movement on these faults. 


Bastin RANGE FAULTS 
AREAL DISTRIBUTION 


Detailed field-work in the Stockton and Fairfield quadrangles during 
the field seasons of 1926 and 1927 has furnished conclusive evidence 
as to faulting in fully half of the 15 miles that constitute the front of 
the Oquirrh Range within these quadrangles. Along this southern part 
of the range it is very evidently bounded for more than 7 miles by 
faults, and the fact that the remainder of the range is also so bounded 
is indicated both by the topography and by the observations made by 
Gilbert,®> who traced a post-Lake Bonneville fault for more than 4 miles 
southward from the north end of the range. The Basin Range faults 
recognized by the writer are indicated in plate 28. 





2G. K. Gilbert : Lake Bonneville. U.S. Geol. Survey Mon. I, 1890, p. 352. 

3’ W. W. Atwood: The physiographic conditions at Butte, Montana, and Bingham Can- 
yon, Utah, when the copper ores in these districts were enriched. Econ. Geology, vol. XI, 
1916, pp. 732-740. 

*W. M. Davis: The Basin Range problem. Proc. Nat. Acad. Sci., vol. 11, 1925, p. 391. 

5G. K. Gilbert: Idem. 
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LOCALITIES AFFORDING EVIDENCE OF THE EXISTENCE OF THE FAULTS 


The zone of faults that separates the great mountain mass of the 
Oquirrh Range from the alluvium-filled depression of Rush Valley is 
shown (1) by actual exposure of many clearly defined faults, (2) by 
stratigraphic displacement, (3) by transection of structures, (4) by 
topographic unconformity between adjoining areas. Not all of these 
features accompany each fault, but a number of the faults are indi- 
cated by all four and many by two or three of them. 

The southernmost fault, for which definite, though confessedly incom- 
plete, evidence was seen, is about half a mile south of the mouth of 
Mercur Canyon. The fault is not exposed, but the fanglomerate and 
bedrock are separated by a remarkably straight boundary and by a 
distinct topographic change. A shaft sunk a few feet west of! this con- 
tact struck black carbonaceous shale within 60 or 80 feet cf the collar 
and the dump is covered with it. This shale was presumably derived 
from the lower shale member of the “Great Blue limestone” as defined 
by Spurr,® and no other shale occurs near this stratigraphic horizon. 
The exposures east of this shaft are excellent and indicate that the high- 
est exposed horizon of the westward-dipping “Great Blue limestone”— 
that seen directly east of the alluvium—is about 450 feet above its base, 
or about 50 feet below the lower shale of Spurr. The dip of the limestone 
is too flat to account for the presence of the shale at the level at which it 
occurs in the shaft within the short distance between the exposure and 
the shaft. The fact, then, that this shale occurs fully 50 feet below 
the surface, at a point where, were there no faulting, it would have been 
removed by erosion, is strong evidence of a displacement of at least 100 
feet on a concealed fault at this locality. The mere suggestion of fault- 
ing here given. by the topography is thus supported by the stratigraphy. 

The southernmost well exposed fault of this zone passes through the 
old mining camp of West Mercur just north of the mouth of Mercur 
Canyon. This fault is strongly marked and separates the rolling lime- 
stone foothills on the northeast from the smooth alluvial slopes on the 
southwest. A low scarp, interrupted here and there, which marks the 
position of the fault, trends in general north 30 degrees west from a 
point about half a mile southeast of West Mercur to the alluvial fill of 
Silvarado Canyon, beyond which it is again traceable for a mile to a 





*The “Great Blue limestone,” as defined by Spurr, includes upper Mississippian and 
Pennsylvanian strata. The boundary between the two systems, according to paleonto- 
logical work done by G. H. Girty, of the United States Geological Survey, occurs within 
the “upper shale member” of Spurr, so that the lower 3,500 feet of the “Great Blue 
limestone” is of upper Mississippian age. 
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point just north of Ophir Creek. Between West Mercur and Ophir 
Creek the fault is exposed in prospect pits at several places as a marked 
breccia zone accompanied by dragged limestone beds. The drag at these 
exposures suggests that the fault is normal, with downthrow on the 
west. Accordingly, the scarps exposed are interpreted as true fault- 
scarps that are only slightly eroded. 

The West Mercur fault is cut by the inclined shaft of the West Dip 
Number 1 Mine, just south of the abandoned townsite. The relations 
here are shown in figure 1. A strongly slickensided mass of alluvium 
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Ficure 1.—Diagram showing Relations of Alluvium and Bedrock 
The area is along the West Mercur fault at West Dip Number 1 Mine. 


here is separated by black gouge from the limestone footwall of the 
fault. The drag in the ill-assorted fanglomerate of the hanging wall 
is not clearly seen because of the absence of bedding in that rock, but 
the gouge and slickensides are well exposed. The fault dips about 60 
degrees west. At a prospect pit a little less than a mile farther north 
the dip of the fault is 49 degrees west. 

In the workings of the old La Cigale mine, about a mile farther north, 
similar relations are seen, as shown in figure 2. The fault here dips 
about 40 degrees west and is exposed at the collar of the shaft, but 
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perhaps its clearest exposure, illustrated in figure 3, is about 150 feet 
down the incline. Here the fault separates a footwall of upper Mis- 
sissippian limestone from a hanging wall of alluvium. The alluvium 
here is of finer texture than that in the West Dip Mine, and the drag 
of the fault can therefore be more clearly seen. Considerable gouge 
occurs on the fault and in two places it cuts through the alluvium, 
leaving undisturbed coarse gravel, or fanglomerate, in the footwall 
against material of finer texture in the hanging wall—a relation that 
clearly indicates a renewal of movement on a fault whose scarp had been 
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Figure 2.—Sketch showing West Mercur Fault in inclined Shaft of La Cigale Mine 


partly buried by alluvium. The sharp break in the surface of the bed- 
rock at this point (see figure 3) is additional evidence that the lower 
contact of the alluvium is a buried fault-scarp. The scarp is, however, 
completely masked by alluvium and is nowhere exposed at the surface. 

La Cigale and West Dip mines both found ore at depths of several 
hundred feet. The workings are no longer accessible, but, according to 
men familiar with these mines when they were in operation, the ore 
occurred in the fault, between limestone walls. The ore was similar to 
that mined at the famous old camp of Mercur, about 3 miles to the east, 
and presumably was formed at the same time—a time fixed, on grounds 
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to be considered later, as pre-Miocene. In view of the recurrence of 
movement on this fault in Recent time, its existence since at least 
Oligocene time is of interest, though, of course, Basin Range faulting, 
as such, may not have begun so early. A similar phenomenon, consid- 
ered later, is seen in the Stockton mining district, about 10 miles to the 
north. 

At La Cigale Mine the scarp does not project above the surface, but 
a scarp is seen in the alluvium on what is probably the same line of * 
faulting just south of Silvarado Creek, and a similar scarp, about 40 
feet high, occurs north of Ophir Creek, just east of the road from Dry 

















FicGuRE 3.—Diagram showing Relations of Bedrock and Alluvium 


The area is along West Mercur fault, near La Cigale Mine. 


Canyon to Bates Ranch (see plate 29). The fault was not seen north of 
Silvarado Canyon except for a short distance just south of Bates Ranch, 
where it drops Pennsylvanian rocks on the west against upper Missis- 
sippian and basal Pennsylvanian shale on the east. Although the fault 
is not well exposed, its dip here is about 55 degrees west. Ample evi- 
dence for its existence, however, is seen in the sharp topographic break 
between alluvium and limestone and in the abnormally steep dips in the 
limestone along this line. The alluvial cappings of some of the hills be- 
tween Silvarado and Ophir creeks, which reach heights of about 6,100 
feet, may owe their elevation to uplift along this fault, but they may 
represent a higher stage of alluviation in a more arid climate than the 


present. 
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SCARP OF WEST MERCUR FAULT 


The locality is in the alluvium of Ophir Creek fan at Bates 





Ranch. 
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A second well exposed fault of the Basin Range system separates the 
Mississippian limestone north of Dry Canyon from the Quaternary fan- 
glomerate on the west. This fault is prominent for nearly half a mile, 
and a number of prospect pits show that its strike is north 5 degrees west 
and its dip 54 degrees west. At Dry Canyon this fault is cut trans- 
versely by one with downthrow to the south, which is probably the cause 
of the contrast between the alluvial slopes south of Dry Canyon and the 
limestone hills north of it. 

Perhaps the most striking of the Basin Range faults in the Stockton 
Quadrangle is the one which crosses Ophir Creek just west of the 6,000- 
foot contour and trends about north 40 degrees west. As it is clearly 
manifest just east of the Lakes of Killarney Mine, south of Dry Canyon, 
it will be called the Lakes of Killarney fault. This fault can be traced 
southward by the strong topographic contrast on its two sides and by its 
own wide breccia zone. The breccia is exposed on the saddle east of the 
6,500-foot hilltops, on the divide between Ophir and Silvarado creeks, 
and, farther south, on the hill between Silvarado Creek and West Dip 
Creek, on the south side of which it appears in a zone of vertically dip- 
ping brecciated beds of shale of the lower part of the upper Mississip- 
pian. It apparently dies out before it reaches West Dip Gulch. Meas- 
urements of the dip by the three-point method on this breccia zone 
showed. that the average dip is 60 degrees west. Saddles that at a first 
glance appear to be due to this fault occur on ridges farther south, in 
line with the strike of the fault, but a careful examination showed that 
these saddles are not due to faulting, but to the erosion of the lower shale 
member of the “Great Blue.” 

Except the shale member just mentioned, no recognizable marker beds 
are cut by this fault south of Ophir Creek, so that its displacement can 
not be accurately determined ; but the attitude of the beds cut by the 
fault and the thickness of the upper Mississippian exposed southwest of 
it indicate that the fault begins on the south as a fracture of slight 
displacement, which increases toward the north, reaching perhaps 1,000 
feet on the divide between Ophir and Silvarado creeks, and increases 
still more rapidly to the bottom of Ophir Canyon. A short distance 
north of Ophir Creek the upper shale member of Spurr’s “Great Blue 
limestone” (a member that is of Chester and basal Pennsylvanian age) 
is dropped against the lower beds of the “Great Blue,” a stratigraphic 
displacement of not less than 3,000 feet. About half a mile north of 
the creek the fault is seen as a slickensided surface accompanied by 
considerable calcite-cemented breccia. Its dip here is 57 degrees west. 











1110 J. GILLULY—BASIN RANGE FAULTING IN UTAH 


Across the next gulch to the north a small prospect pit exposes the 
fault, which here strikes north 55 degrees west and dips 80 degrees south- 
west. Several other prospect pits between this point and Dry Canyon 
expose the fault, though less satisfactorily. North of Dry Canyon the 
fault is easily traced, by the breccia and by steeply dipping dragged 
beds, across the saddle east of a, small 6,724-foot knoll. The three- 
point method here yielded a dip of 62 degrees west. Here the displace- 
ment is indeterminate, though it is certainly not less than 2,000 feet 
and is perhaps as much as 3,500 feet. , 

The fault can be traced northward through the next saddle, and 
thence down the mountain side to the 6,250-foot contour, where it is 
masked by alluvium for about a quarter of a mile. About a mile north 
of Dry Canyon it emerges from the alluvium and crops out in a gulch 
as a steeply dipping breccia zone, along which the lower beds of the 
“Great Blue limestone” are dragged to a nearly vertical dip. The fault 
here strikes north 20 degrees west and dips 64 degrees southwest. It 
crops out at intervals from this point northward to the point where the 
mountain front swings sharply eastward, about a mile south of Soldier 
Creek, beyond which it is masked by alluvium. At its most northerly 
exposure its dip is 60 degrees. For most of this distance the fault 
livides the alluvial slopes from the limestone mountain, though it is 
itself covered at many places with alluvium. 

Another fault of this systeni, with a subparallel trend, is poorly ex- 
posed about three-quarters of a mile northeast of the fault last de- 
scribed. It begins obscurely about a mile north-northwest of Gisborn, 
where it separates the foothills from the main mass of Bald Mountain, 
and was traced to a point a little over half a mile north of Soldier 
Creek, beyond which it could no longer be identified because of its 
diminishing throw and its poor exposures and because no recognized 
marker beds occur on opposite sides of it. This fault is exposed at only 
a few places, all in prospect pits. The exposures indicate dips of 50 to 
60 degrees west. 

Farther north, in the foothills east of Stockton, only one fault is indi- 
cated in the topography, although the bedrock is sliced by a great num- 
ber of subparallel faults. This topographically prominent fault runs 
parallel to the line of contact of the bedrock and the alluvium and is 
in general about half a mile east of it. It dips westward somewhat less 
steeply than the faults seen farther south, at angles of 40 to 55 degrees. 
North of Ben Harrison Gulch it is marked by «& silicified quartzite 
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breccia, which forms a steep slope, 50 to 100 feet high, between two 
flattened slopes, the lower of which is capped with alluvium. This fault 
may not be of the same generation as those already considered ; it may 
be much older, as it is on the strike of the most conspicuous of the 
great number of northward-trending, westward-dipping, mineralized nor- 
mal faults of the Stockton mining district. The shift on this topo- 
graphically prominent fault could not be determined, but the more south- 
erly one, which may be its continuation, has a shift of fully 1,400 feet, 
the west side having moved southward. If the topographically promi- 
nent fault is identical with the major fault just described, its present 
scarp must indicate recent rejuvenation of an old pre-mineral (pre- 
Miocene) fault—a phenomenon noted in the West Mercur mines. 

No other faults of the Basin Range system were actually observed in 
the district between Soldier Creek and Tooele, about 2 miles north of 
the Stockton Quadrangle. Nevertheless, the range front is probably 
here, also, controlled in a large way by faulting, although most of the 
distinctly aligned transected spurs were cut by the waves of Lake Bonne- 
ville. The front of the range here, as farther south, is transected by 


faults. 
FEATURES OF THE FAULTS 


Types of faults—The study of the faults has shown that they have 
five features of major interest: (1) Some of them are step faults; (2) 
many of them show en échelon arrangement; (3) few are continuous 
along the strike; (4) their dip is variable, but is prevailingly steep; 
(5) some of them may represent a renewal of much older movements. 

Distributive and en échelon faults.—The displacement of the valley 
block with respect to the mountain block is distributed among many faults 
from about the latitude of West Mercur nearly to Soldier Canyon. The 
numerous subparallel, westward-dipping normal faults of the Stockton 
mining district, several miles farther north, may also have participated 
in the Basin Range displacements, though the first movement along 
them probably dates back to pre-Miocene time. The largest of these 
faults, described above, falls in line with a topographically expressed 
fault and lends some support to the suggestion of step faulting furnished 
by the local, more gradual mountain slope like the New Mexico example 
described by Johnson.’ Step faulting of units comparable to those south 
of Soldier Creek along Basin Range fronts has also been described by 





7W. D. Johnson: Block Mountains in New Mexico. Amer. Geol., vol. 31, 1903, 
pp. 135-139. 


LXXII— suv. Geox. Soc. Am., Vou. 39, 1927 
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Gilbert,* Russell, Louderback,’® Reid,’, Knopf,’? and others. Many 
other faults that bear a steplike relation to those seen may be concealed 
beneath the alluvium of Rush Valley. The en échelon arrangement of 
some of the faults has not been so generally recognized, though it has 
been described by Louderback ** and Knopf.’* The fault zone trends 
about north 20 degrees west, but the individual faults composing the 
zone trend north 20 to 55 degrees west. 

Length of the faults—The non-persistence of individual faults has 
already been noted. Nothing is known of the extent of the West Mercur 
fault, as it passes beneath alluvium both to the north and south, The 
great Lakes of Killarney fault, which bounds the mountain block for 4 
miles, also passes out beneath the alluvium toward the north, but when 
followed southward into the range it dies out within less than 2 miles. 
The next fault to the north, which passes through the mouth of Soldier 
Canyon, can not exceed 3 miles in length. Nothing is known of the 
strike length of the faults farther north. 

The fact that the southern spurs of the Oquirrh Mountains project 
into the lowland area of Rush Valley for very different distances led 
Atwood ** to interpret this part of the front of the range as a product 
of erosion, but it is clearly a product of a combination of step faulting, 
en échelon faulting, and linear discontinuity of the individual faults. 
The topography here is as clearly a product of faulting as that of the 
range front north of Tooele, which was interpreted by Atwood as due 
to faults. 

The somewhat complex pattern of the Basin Range faults presents 
a contrast to its common diagrammatic representation, but that pattern 
is by no means unique in this area. Louderback,’® Reid,’* Lawson,"* 





8G. K. Gilbert: Lake Bonneville. U. S. Geol. Survey Mon. I, 1890, p, 348. 

*JI, C. Russell: A geological reconnaissance in southern Oregon. U. S. Geol. Survey, 
Fourth Annual Rept., 1883, pp. 431-461. 

”G. D. Louderback: Basin Range structure of the Humbolt region, Nevada, Bull. 
Geol. Soc. Amer., vol. 15, 1904, pp. 307-308. Also, Morphologic features of the Basin 
Range displacements in the Great Basin. Univ. of Calif. Publication, Bull. Dept. 
Geology, vol. 16, 1926, pp. 17-25. 

"uJ. A. Reid: The geomorphogeny of the Sierra Nevada northeast of Lake Tahoe. 
Univ. of Calif. Publication, Bull, Dept. Geology, vol. 6, No. 5, 1911, pp. 112-136. 

4% Adolph Knopf: Geologic reconnaissance of the Inyo Range and the eastern slope 
of the southern Sierra Nevada, California. U. S. Geol. Survey Prof. Paper 110, 1918, 
pp. 78-89. 

3G. D. Louderback: Op. cit., 1926, p. 29. 

% Adolph Knopf: Op. cit., p. 89. 

1% W. W. Atwood: Op. cit., p. 735. 

%G. D. Louderback: Op. cit., 1926, p. 25. 

7 V. A. Reid: Op. cit. 

#* A. C. Lawson: Recent fault-scarps at Genoa, Nevada. Bull. Seism. Society America, 
vol. 2, 1912, pp. 193-200. 
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and Knopf ?*® have described similar features. After a thorough study 
of the Wasatch Range, Gilbert decided that, whether or not the Wasatch 
is typical of the Basin ranges in its contour, great simplicity of. basal 
outline is not an essential characteristic of faulted range fronts.2° The 
present study supports this conclusion. 

Dips of the faults and slopes of the fault-scarps.—An additional point 
of interest in connection with the frontal faulting of the Oquirrh Range 
is the prevailingly steep dip of the fault-planes. Fourteen measurements 
of dip were made, either on bedrock fault surfaces or by the three-point 
method, in places where the topographic form in the area traversed by 
the faults warranted it. The dips (plotted on plate 28) range from 
40 to 80 degrees and average 57 degrees. The West Mercur fault 
ranges in dip from 40 to 60 degrees within about a mile; so that the 
faults, as might be expected, are surfaces warped in dip as well as in 
strike. The other faults show comparable variations, 

In this area triangular facets of spurs are found only along the Lakes 
of Killarney fault, where they slope at an angle of 21 to 30 degrees. 
The bases of the facets are at the fault trace and their higher parts have 
been but slightly dissected; yet, as the dip of the fault averages. more 
than 60 degrees along this part of the range front, a wedge having an 
apical angle of 30 to 40 degrees has evidently been removed from each 
facet. This angle indicates a retreat of the top of the spur from the 
fault surface of 2,000 to nearly 4,000 feet in spurs that are 1,800 feet 
high. All this retreat occurred without destruction of the triangular 
outline of the facets, although at some places that outline has been 
blurred. 

The conclusion has been reached by Gilbert ** with regard to the 
Wasatch Range, and by Davis ** by abstract deduction, that where; the 
facets are practically undissected and the fans along the mountain 
front are small, the slope of the lower part of the facets conforms closely 
to the fault-plane. This conclusion appears reasonable a priori, and, 
indeed, faults having the low dip requisite under this theory have been 
actually observed in the Bear River Range, Utah.?* The frequent- oc- 





% Adolph Knopf: Op. cit., pp. 78-89. 

”G. K. Gilbert: Studies of basin range structure. U. S. Geol. Survey Prof. Paper 
153, 1928, p. 22. 

“2G. K. Gilbert: Studies of Basin Range structure. U. S. Geol. Survey Prof, Paper 
153, 1928, p. 49, P 

2W. M. Davis: The rifts of southern California. Amer. Jour. Sci., vol. 13, 1927, 
pp. 61-62. The Basin Range problem. Proc. Nat. Acad. Sci., 1925, p. 389. 

Reed W. Bailey: The Bear River Range fault, Utah. Amer. Jour. Sci., vol. 13, 
1927, pp. 497-502. 
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currence in the Great Basin of scarp angles ranging from 25 to 35 
degrees. has been commented on by Davis,** though he specifically dis- 
claims that he believes all Basin Range faults possess dips so low. But 
this very persistence of scarps of low angle, well preserved on triangular 
facets, must call into question the deduction that they closely represent 
the footwalls of faults, especially when we consider the great number 
of such scarps that rise above faults of decidedly steep dip. 

Lawson *° describes the magnificent triangular facets at Genoa Peak, 
Nevada, which slope at angles of 24 degrees. The scarps there are 
bounded at their bases by diversely oriented faults, whose striated rock 
footwalls are exposed at several places. The fault dip, measured on the 
polished rock, is 65 degrees. The fans fronting the range there are 
absolutely negligible, as Carson River flows in a broad marsh close to 
the foot of the mountain. An excellent photograph of this scarp and 
the mountain front is reproduced by Louderback.*® 

The Wasatch fault has been studied by Schneider?’ and Pack,** as 
well as by Gilbert,?® and both Schneider and Pack differ from Gilbert 
with respect to the angle of dip of the fault. Schneider reports and 
figures an artificial exposure of the fault just north of Salt Lake City, 
where the rock footwall of the fault dips 72 degrees west. Pack fig- 
ures the same exposure and furnishes the additional information that 
the eroded scarps above the fault slope at an angle of 25 degrees. The 
truncated facets here are characteristic Basin Range facets. They are 
not fronted by any considerable fans, being only a few tens of feet above 
the wide plain of the Great Salt Lake Valley. 

The Wasatch fault is exposed also at Becks Spring, about a mile far- 
ther north, where it dips about 70 degrees, as reported by both Pack 
and Gilbert. The eroded scarp above the fault recedes at an angle of 
15 to 20 degrees, according to Pack. Other measurements of fault dip 
were made by Pack, by the three-point method, at places where the 
trace of post-Lake Bonneville faulting in alluvium crosses notable topo- 
graphic relief. Dips of 60 to 75 degrees were obtained by this method. 





*W. M. Davis: Op. cit., 1925, p. 389. 


% A.C. Lawson: Op. cit. 
2% G. D. Louderback: Period of scarp production in the Great Basin. Univ. of Calif. 


Pullication, Bull. Dept. Geology, vol. 15, no. 1, plate 3, 1924, p. 44. 

™ Hyrum Schneider: A discussion of certain geologic features of the Wasatch Moun- 
tains. Jour. Geology, vol. 33, no. 1, 1925, pp. 29-32. 

%F. J. Pack: New discoveries relating to the Wasatch fault. Amer. Jour. Sci., vol. 


11, 1926, pp. 398-410. 
* G. K. Gilbert: Studies of Basin Range structure. U. 8S. Geol. Survey Prof. Paper 


153, 1928. 
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In the opinion of Gilbert,*° the fault at Becks Spring is not the main 
Wasatch fault, but a subsidiary fracture, joining the main fault in depth, 
and is hence on a fracture of steeper dip than that of the main fault. 
His conclusion might apply also to the fault a mile farther south, which 
had not been exposed at the time of his study. He also regarded the 
post-Lake Bonneville faults in the alluvium as superficial and, although 
they indicate fault movement, as of little value in determining the dip 
of the main fault. 

Pack points out that the two fault surfaces actually observed dip at 
angles concordant with those deduced for the post-Lake Bonneville faults 
in the alluvium, and that these therefore probably represent the actual 
dip of the faults that cut bedrock. Gilbert’s description of the method 
he used to determine the angles of faults leaves the present writer with 
the impression that he considered the presence of brecciated rock on the 
lower parts of faceted spurs corroborative of his deduction that the 
lower facets represent the dip of the fault, and accordingly the dips 
recorded by him were merely those of the facets that expose somewhat 
brecciated rock. Brecciated material is so common in these strongly 
folded ranges that the writer does not regard its presence as of itself a 
significant criterion of major faulting. Pack’s conclusion (based on the 
study of actual exposures), that the dip of the Wasatch fault is steep, 
appears’ to be thoroughly justified; but, regardless of the dip of the 
Wasatch fault as a whole, Pack’s observations prove that in one area, 
where the spurs are well faceted and fans are almost entirely absent, 
the actual fault surface dips not at 30 degrees, the slope of the facet, 
but at 70 degrees. This conclusion agrees with that inferred from the 
relations at Genoa Peak, Nevada, namely, the slopes of facets, even in 
the absence of significant fans, are necessarily flatter than the dips 
of the faults to which they are related. 

An observation by Gilbert * is of particular interest in this connec- 
tion. In the Klamath Lake region, Oregon, Plum Ridge, a tilted lava 
block, exhibits its bounding fault surface near its base. The dip is 
49 degrees. The whole face of the ridge forms an undissected fault- 
scarp, which slopes not at 49 degrees, but at 34 degrees. Gilbert pointed 
out that the angle of repose for talus blocks, to which he attributes the 
low slope of the scarp, is about 33 to 36 degrees; but he recognized the 
fact that Plum Ridge, in view of its complete lack of consequent frontal 
drainage courses, is younger physiographically than mountain scarps 





*®G. K. Gilbert: Idem, p. 16. 
= G. K. Gilbert: Op. cit., pp. 76-80. 
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that have been dissected to the stage of the triangular facets. Never- 
theless, though younger, it has already suffered the reduction of its scarp 
to 34 degrees, the angle of repose. Accordingly, it seems wholly im- 
probable that any scarp characterized by “faceted spurs” of physiographi- 
cally greater age should have retained the dip of its bounding fault. 

Additional support for this view is furnished by conditions along the 
east side of the Toyabe Range, Nevada, near the Peavine Ranch, where 
a 20- to 30-foot fault-scarp testifies to recent movement on the bound- 
ing fault of the range. Well preserved fault grooves on bedrock dip 
67 degrees toward the valley.** This range has many triangular facets 
whose slopes range from 20 to 35 degrees. Another exposure of the 
fault. bounding the Toyabe Range has been described by Emmons * 
and by Meinzer.** This exposure, which is near Santa Fe Creek, reveals 
the dip of the fault as 59 degrees. The recent fault described by Jones * 
along the west base of the Sonoma Range, Nevada, has a dip (on bed- 
rock) of 54 degrees. No mention is made of the facet slopes above it, 
however. 

The mere fact that of the Basin Range faults actually observed only 
the Bear River Range fault appears to have so low a dip as 35 degrees 
does not, of course, prove that such faults are rare; but, in view of the 
fact that demonstrably steep dips are associated with gently inclined 
facets, it would seem that more direct evidence than that of the slope 
of even entirely undissected facets must be adduced in order to show 
the angle or dip of a given Basin Range fault. 


AGE OF THE FAULTS 


Early movement.—The recent renewal of movement on the West 
Mercur fault seems to be well established. Whether movement has been 
renewed on the fault in the Stockton district considered above is ques- 
tionable. The dates of the repeated movements of the West Mercur 
faults can not be established from the evidence at hand. The faulting 
is surely all later than the folding of the range, which occurred, accord- 
ing to evidence to be considered below, presumably in latest Cretaceous 
or earliest Tertiary time. That.the West Mercur fault is premineral 


“=H. G. Ferguson: Oral communication. 

*S. F. Emmons: Geology of the Toyabe Range. U. 8S. Geol. Expl. 40th Par., Rept., 
vol. 3, 1870, p. 335. Emmons interpreted the fault-scarp as due to glacial erosion— 
a conclusion which Meinzer proves untenable. 

*O,. E. Meinzer: Geology and water resources of Big Sandy, Clayton, and Alkali 
Springs valleys, Nevada. U. S. Geol. Survey Water-Supply Paper 424, 1916, pp. 
20-22, 

% J.C. Jones: The Pleasant Valley, Nevada, earthquake of October 2, 1915. Bull. 
Seism. Soc. Amer., vol. 5, no. 4, 1915, p. 203. 
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in age is not quite certain, although the fact that mining was done on 
it at points distributed over a horizontal extent of more than 2 miles 
makes it seem nearly certain that the ore it contained was not dragged in. 

The first movement on this fault, then, was presumably premineral. 
The age of the mineralization is in doubt, but the following considera- 
tions indicate that it was pre-Miocene—possibly pre-Wasatch, as a mini- 
mum: The mineralization of the Oquirrh Range was associated with 
the igneous intrusions; hence it probably occurred at the same time 
or only slightly later.*° No evidence is available to fix the date of these 
intrusions, but they are presumably of the same age as those of the 
Wasatch Range, which is less than 20 miles to the east, or of the East 
Tintic Range, which is about 30 miles to the south. As these ranges 
contain more Tertiary rocks than the Oquirrh, and as they show the 
relations of the Tertiary rocks to the intrusions more clearly, the age 
of the intrusives of the Oquirrh Range can be best estimated from the 
more clearly determinable history of these mountains. 

The youngest rocks cut by the intrusive stock of the Cottonwood and 
Park City districts, the principal stock in the Wasatch Range, are of 
Triassic age.** It is, however, fair to assume, from analogy with other 
mountain ranges, that the intrusion accompanied the principal moun- 
tain folding, which was of later date than the strata deformed. 

In the Tintic ** and Wasatch ** Mountains the Eocene Wasatch forma- 
tion rests unconformably on the eroded surfaces of the folds. Upper 
Cretaceous rocks are involved in the folding of the Wasatch Mountains 
and, according to Veatch,*® the major unconformity of the Cretaceous 
to Tertiary part of the section occurs between the Adaville (Upper 
Cretaceous) and the Evanston formation. The Evanston is _pre- 
Wasatch in age, and though it is conformable with the Almy formation 
(lower Wasatch), that formation is in places separated from the upper 
Wasatch (Knight formation) by another, though probably less impor- 





3B. S. Butler and others: The ore deposits of Utah. U. S. Geoi. Survey Prof. 
Paper 111, 1920, p. 338. 

tJ. M. Boutwell: Geology and ore deposits of the Park City district, Utah. U. 8. 
Geol. Survey Prof. Paper 77, 1912, p. 67. 

3G. F. Loughlin: The geology and ore deposits of the Tintic mining district, Utah. 
U. 8S. Geol. Survey Prof. Paper 107, 1919, pp. 103-104. 

% S§. F. Emmons: The Wasatch Range. U. S. Geol. Expl. 40th Parallel, vol. 2, 1878, 
pp. 381-383. 

C. H. Wegemann: The Coalville coal field, Utah. U. S. Geol. Survey Bull. 581, 1915, 
pp. 161-184. 

G. K. Gilbert: Studies of Basin Range structure. U. S. Geol. Survey Prof. Paper 
153, 1928. 

Hyrum Schneider: Op. cit., p. 45. 

# A. C. Veatch: Geography and geology of a portion of southwestern Wyoming. 
U. 8S. Geol. Survey Prof. Paper 56, 1907, pp. 76-87. 
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tant, unconformity. The presumption that the folding of the Wasatch 
Range occurred in late Cretaceous or very early Eocene time seems well 
founded. 

Accordingly, the intrusions in the central Wasatch Range are of pre- 
sumable pre-Wasatch age. Unfortunately, this presumption is in con- 
flict with the fact that the intrusions in the East Tintic Range are 
post-Wasatch.** The latites or andesites there overlie presumably 
Eocene conglomerate, and in the southern Wasatch, near Santaquin, the 
same volcanic series overlies fossiliferous Eocene.** The monzonite of 
the Tintic district intrudes and is therefore younger than at least a part 
of the volcanic rock. Its age is therefore clearly late Eocene or post- 
Eocene. 

Whether this means that intrusions occurred at two different times in 
this general region—one pre-Wasatch, the other post-Wasatch—or 
whether the presumption that the intrusion in the Cottonwood district 
was of pre-Wasatch age is unwarranted is unknown. Accordingly, the 
age of the Oquirrh intrusion is uncertain. It may have been pre- 
Wasatch, but probably more weight should be given to the evidence 
available in the Tintic district, and it should be assigned to late 
Eocene or to post-Eocene time. In accordance with this evidence, then, 
the beginning of movement on the West Mercur fault is fixed at late 
Eocene or post-Eocene. 

Basin Range movement.—The period of the principal movement on the 
Oquirrh faults (the movement reflected in the topography) is of inter- 
est, but here again reliance must be placed on evidence from the Wasatch 
Range for definite information. The topography of the southern and 
eastern slopes of the Oquirrh Range is of pronounced early maturity, 
or, rather, it contains fragments of a mature erosion surface. Obviously 
this surface is a remnant of an earlier cycle than the present. It seems 
reasonable to correlate it with the mature surface still seen on the gentle 
eastern slopes of the Wasatch Range, although it may represent a sur- 
face developed locally during a long standstill after the beginning of the 
Basin Range faulting. 

The mature topography in the Wasatch Range antedates the topo- 
graphically expressed faulting, and it also transects the Wasatch forma- 
tion, as well as all the older rocks of that range, including the intrusives 
of the Cottonwood and Park City districts. Obviously the surface was 





“G. F. Loughlin: The geology and ore deposits of the Tintic mining district, Utah. 


U. S. Geol. Survey Prof. Paper 107, 1919, p. 104. 
#G. F. Loughlin: Reconnaissance in the southern Wasatch Mountains, Utah. Jour. 


Geology, vol. 21, 1913, pp. 448-451. 
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developed later than the intrusions. The measure of this period of de- 
velopment is, of course, uncertain, but assuredly it was long, for it pro- 
duced a surface of decided maturity, though by no means a peneplain. 
To say that the period required for this degradation included all of 
post-Wasatch Eocene time and part, if not all, of Oligocene time seems 
not unreasonable. If the Cottonwood intrusion is post-Wasatch, it 
would probably be safe to put the close of this partial cycle in the 
Miocene. 

Gilbert ** has shown that this old surface was developed prior to the 
formation, by faulting, of Morgan Valley and other valleys on the east- 
ern slope of the Wasatch Range, which he interprets as graben. As 
several of these valleys contain Pliocene deposits, he assumed that the 
surface was produced in pre-Pliocene time; or, if in Pliocene time, at 
least early enough in that epoch to permit the formation of the Pliocene 
deposits later. Here again we are confronted with an unsatisfactory 
determination, for the Pliocene beds referred to by Gilbert are not yet 
quite satisfactorily placed ; nevertheless, it seems reasonable to consider 
the faulting at Morgan Valley post-Oligocene and not later than some 
part of the Pliocene. Huntington and Goldthwait ** tentatively assign 
the first movement on the Hurricane fault to Miocene time, but the data 
at hand probably do not permit so exact a determination regarding the 
Wasatch fault. Schneider ** suggests that the movement may have 
begun in mid-Miocene time. The relations in the Mount Nebo region, 
in the southern Wasatch region, point to a date not earlier than Miocene 
for the faults.** 

Of course, it does not follow that the main Wasatch fault is of the 
same age as the faulting in Morgan Valley, or that the faulting in the 
Oquirrh Range was simultaneous with either, but in absence of evidence 
to the contrary it seems reasonable to assume that all were essentially 
contemporaneous. Accordingly the main movement on the Oquirrh 
fault is thought to have occurred between Oliogocene and upper Pliocene 
time. 

Comparison of the area studied with other parts of the Great Basin.— 
Basin Range faulting seems to have occurred at different times in dif- 
ferent parts of the Great Basin. Differences in the dates of the latest 





“G. K. Gilbert: Studies of Basin Range structure. U. S. Geol. Survey Prof. Paper 
153, 1928, pp. 56-57, 61-64. 

** Ellsworth Huntington and D. W. Goldthwait: The Hurricane fault in the Toquer- 
ville district, Utah. Harvard Coll. Mus. Comp. Zool., Bull. 42, no. 5, 1904, p. 222. 

“Hyrum Schneider: Op. cit., p. 46. 

“@G. F. Loughlin: Reconnaissance in the southern Wasatch Mountains, Utah. Jour. 
Geology, vol. 21, 1913, pp. 450-451. 
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faultings are indicated not only by variations in the freshness of tran- 
sected spurs, topographic unconformities, and recent fault-scarps, but 
by the evidence as to the date of the beginning of the fault movements 
in different areas. Ferguson and Cathcart *’ assign some of the block 
faulting of the Tonopah and Hawthorne quadrangles, Nevada, to pre- 
Esmeralda (pre-upper Miocene) time, though this faulting is no longer 
directly expressed in the topography. With regard to some of the 
ranges farther west, and with regard to the east fault of the Sierra 
Nevada block, Louderback ** concludes that the earliest faulting was late 
Pliocene or post-Pliocene. Lindgren,*® however, assigns the earliest 
Sierra faulting to Cretaceous time, and Knopf *® has shown that a pre- 
Pliocene, possibly late Miocene, date seems more in harmony with the 
facts observed in the Inyo Range. It appears, then, that the date of 
the beginning of the Basin Range fauliing that affected the present 
topography of the Great Basin is still undetermined, and that there is no 
reason to suppose that the faults in widely separated parts of the basin 
are of the same age. For this reason the age of the faulting in the 
Wasatch Range may not be of the same age as in the Oquirrh Range, 
but in the absence of evidence to the contrary it is reasonable to assume 
that the faulting in these two ranges was contemporaneous. 


ToPoGRAPHIC FEATURES 
SURFACES OF THE SUMMITS OF THE RANGES 


General statement.—The correlation of the surface of the Wasatch 
with that of the Oquirrh Range is decidedly important in the work of 
determining (1) the tilting of the mountain block, (2) the total uplift 
that can be ascribed to geologically late faulting, and (3) the amount 
of material that has been eroded from the mountain mass since this late 
faulting began. 

The recognition of this supposed prefaulting surface is very difficult, 
because the topography had not progressed beyond maturity when the 
faulting introduced the present cycle. Accordingly there is neither a 
smooth plain nor any discernible remnant of one. There are, however, 
at several places, remnants of a mature surface which present a marked 





“H. G. Ferguson and S. H. Cathcart: Major structural features of some western 
Nevada ranges. Jour. Wash. Acad. Sci., vol. 14, 1924, pp. 377-378. 

#G. D. Louderback: The period of scarp formation in the Great Basin. Univ. of 
Calif. Publ., Dept. Geology Bull., vol. 15, 1924, p. 38. 

# W. Lindgren: The Tertiary gravels of the Sierra Nevada of California. U. 8S. 
Geol. Survey Prof. Paper 73, 1911, p. 43. 

* Adolph Knopf: A geologic reconnaissance of the Inyo Range and the eastern slope 
of the Sierra Nevada. U. 8S. Geol, Survey Prof. Paper 110, 1919, pp. 87-88. 
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contrast to the topography of the present cycle. The principal areas 
showing this surface are: (1) The rolling summit region between Lion 
Ilill and the southern extremity of the range; (2) the slopes east of 
Butterfield peaks, between Butterfield and West Canyon, including the 
Traverse Mountains. Similar areas occur in the range north of the 
Stockton and Fairfield quadrangles, but these were not visited by the 
writer. Obviously, a mature surface is rendered unrecognizable by a 
renewal of dissection sooner than a peneplain, and accordingly it is not 
surprising that such a surface as that at the south end of the range is 
no longer recognizable over large parts of the area. 

The tilt of the surface——It is of interest, however, to observe the 
hypsometric relations of these mature areas, on account of the light they 
throw on the fault-block origin of the Oquirrh Range. The surface 
slopes up from an elevation of about 5,500 feet at the south end of the 
range to about 8,500 feet at Lion Hill, or to an elevation of 9,000 feet 
if the broad shoulders on Bald Mountain and Sharp Mountain are to 
be correlated with this surface. The surface represented by this rolling 
area (which is now being sharply dissected, with the development of 
marked topographic unconformities) must have had considerable relief, 
however, as may be seen by the fact that Lewiston Peak, due east of 
Lion Hill and only about 3 miles from it, stands 1,500 to 2,000 feet 
higher. In fact, no recognizable remnants of this prefaulting surface 
can be found near the main divide of the range. The present divide 
may have been high ground in the preceding cycle. If so, a mature 
surface may have been developed with reference to the present mountain 
mass, and may therefore represent, not the “Wasatch prefaulting sur- 
face,” but a surface developed during a standstill of the Oquirrh Range. 
In either case the present surface antedates the so-called Basin Range 
faults (that is, those now topographically expressed), and can be used 
as a rough measure of the displacement along them. However, if it is 
not equivalent to the “Wasatch prefaulting surface,” the above discus- 
sion of the age of the prominent movement of the Basin Range faults 
loses considerable weight. 

The mature or submature surface of the Traverse Mountains west of 
Jordan Valley, a surface recognizable nearly to Butterfield Peak, was 
developed on Tertiary lavas and Carboniferous limestone and quartzite. 
It rises from about 6,500 feet on the east to nearly 9,000 feet on the 
west, within a distance of about 7 miles, somewhat less than 350 feet 
to the mile, or nearly 4 degrees. If this slope once continued across 
the range, the west front in the latitude of Stockton must have stood 
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originally at an altitude of nearly 11,000 feet. This altitude agrees 
roughly with that deduced from the southward-tilted surface repre- 
sented by Bald Mountain-Lion Hill and the summits to the south. The 
figure so obtained doubtless has only qualitative significance, but, taken 
in conjunction with the facts stated elsewhere in this paper, it cor- 
roborates the idea that the Oquirrh Range originated as a fault- 
block. The tilted mature topography of the east slope of the range 
is older than the tilted and furrowed surface of the alluvium, whose 
attitude is cited by Davis ™ to support the same idea—that the Oquirrh 
Range is a fault-block tilted eastward. 


THE EAST FRONT OF THE RANGE 


The east front of the Oquirrh Range nowhere shows exposures of 
bounding faults, and there is no reason to believe that it is so bounded 
unless the fairly even line along the ends of spurs from West Canyon 
southward indicates faulting. The contrast between the eastern and the 
western slope of the range is striking. The nomenciature suggested by 
Davis ** expresses well the difference between the two: the west base is 
“fan-based,” or, perhaps, “fan-dented ;” the east base is “fan-bayed,” 
and along the south side of the Traverse Mountain spur it is even “fan- 
frayed.” The west base is distinctly a fault base, but no evidence of 
faulting is seen along the east base. The writer concurs in the opinion of 
both Gilbert and Davis that the Oquirrh Range, including the Traverse 
Mountains, is an eastward-tilted fault-block. 

The position of the Jordan River relative to the Wasatch and Oquirrh 
Ranges is, as noted by Gilbert,** strongly suggestive of an eastward tilt. 
Except for the short pass through the Traverse Mountains, which may 
be a graben, the course of Jordan River lies from 5 to 8 miles west of 
the Wasatch base and 10 to 12 miles east of the Oquirrh Range. As the 
Wasatch Range is not only higher, but more plentifully supplied with 
precipitation than the Oquirrh Range, the position of the Jordan is 
decidedly anomalous and points strongly to such an eastward tilt of 
the valley area between the ranges as might be expected on the assump- 
tion that the bedrock of this area is an integral part of the Oquirrh 
Block and was deformed as a unit with that mass. 





SW. M. Davis: The Basin Range problem. Proc. Nat. Acad. Sci., vol. 11, 1925, 
p. 391. 

SW. M. Davis: Idem, pp. 391-392. 

%G. K. Gilbert: Studies of Basin Range structure. U. S. Geol. Survey Prof. Paper 
153, 1928. 




















THE ISOSTATIC FACTOR 1123 


THE ISOSTATIC Factor IN BASIN RANGE FAULTING 
GENERAL STATEMENT 


The faulting in the Great Basin is generally supposed to be largely 
independent of the local surficial geology and of local loading and un- 
loading of the crust, but as it has been suggested that erosion from the 
mountain blocks and deposition on the valley blocks may have caused 
an isostatic rising of the mountains and sinking of the valleys, it was 
thought worth while to investigate the question of isostasy. Isostasy, 
of course, gives no key to the initial faulting, but transfer of load would 
no doubt continue movement, even if its results must eventually come 
to an end. Accordingly an attempt was made to determine the effects 
of isostasy in this region. ° 


QUANTITATIVE TEST OF EFFECT OF TRANSFER OF LOAD 


The first requirement of such an attempt is the determination of the 
rock-masses transferred from mountain block to valley block since the 
beginning of Basin Range faulting. This attempt involves a recon- 
struction of the prefaulting topography—a reconstruction which, in the 
Stockton-Fairfield quadrangles, can be only crudely made, because of the 
great postfaulting erosion on a surface that had been by no means re- 
duced to a plain. The unevenness of the mature prefaulting erosion 
surface is obviously a great obstacle to such reconstruction, but a surface 
sloping from 9,000 feet at Soldier Canyon to 8,500 feet at Lion Hill, and 
to 7,300 feet at Alma Young Canyon, would probably represent the gen- 
eral prefaulting topography. A computation of the volume of rock 
lying between such a surface and the present surface was made by 
planimeter measurements on contours 1,000 feet apart by means of the 
end-area formula. The reconstruction required need not be so accu- 
rate as to justify the use of more precise formulas or more closely 
spaced measurements. As there are few remnants of the prefaulting 
surface north of Soldier Creek, the computation inciuded no areas north 
of the drainage basin of that stream, and for the same reason it was 
impossible to include the eastern slope of the range. 

The result obtained indicates that about 10.2 cubic miles of rock 
have been eroded from this district during the present (post-faulting) 
cycle. The area from which the material was eroded is nearly 49 square 
miles, so that the average quantity of rock eroded was 0.21 mile, or 
1,100 vertical feet. 

The removal of this quantity of rock from the district would tend to 
uplift the block until, by the addition of subcrustal material above the 
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level of isostatic compensation, the total mass of the unit column down 
to that level became the same as it was before. If the average specific 
gravity of the rock is fixed at 2.7 and the specific gravity of the sub- 
crustal material at 3.3, the removal of 1,100 feet of rock, if we assume 
complete local compensation, would result in an uplift of the mountain 


7.2 a 
mass of +5 X 1,100 —= 900 feet. 


In order to compute the theoretical effect of the load of this rock on 
the valley block, it is necessary to assume a certain area of deposit. 
It. was therefore assumed (1) that the material was all deposited in 
Rush Valley; (2) that the contributions of the Stansbury and Oquirrh 
ranges have not overlapped, or, if they have, that they have mutually 
canceled each other, so that the area of the present fans from the 
Oquirrh Range includes all the deposits of post-faulting age derived 
from that mass. Such assumptions are to some extent at variance with 
the facts. It is evident, for instance, that some material had been re- 
moved from Rush Valley to Tooele Valley before Lake Bonneville 
time, but any such errors made would doubtless cancel one another if 
larger areas were compared, and the assumptions made above will prob- 
ably give the maximum effect of loading. In so far as material has 
been removed from the region, these assumptions will lead to exaggera- 
tion of differential load effects. 

On these assumptions, then, the 10.2 cubic miles of rock were dis- 
tributed over an area of about 80 square miles, producing an average 
load of 0.1275 mile, or 675 feet of rock. Owing to the lower specific 
gravity of the alluvium, however, the average thickness would be, per- 


2.7 


> 2.2 
mass involved. The tendency of the valley block to sink, then, on the 


haps < 675, or 830 feet; but this difference would not affect the 


favorable assumptions above (with complete local compensation), is re 


< 675 or 550 feet. The differential movement between the blocks of 
bedrock, then, would be, on the assumption of complete local compensa- 
tion, 900 + 550, or 1,450 feet. As the alluvium deposited was of 
lower specific gravity than the bedrock eroded, the difference in eleva- 
tion between the surfaces developed . the respective blocks would be 
changed by an amount roughly given in the following equation: 


Isostatic Erosion Isostatic Upbuilding 
uplift of of depression of valley 
mountain mountain of valley floor 


900 — 1,100 + 550 —_ 830, or 480 feet 
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That is, the difference in surface elevation of the two blocks would be 
diminshed by roughly 500 feet. 

But the evidence in hand shows that the average displacement along 
the fault-zone can hardly be less than 3,000 feet and may exceed 5,000 
feet, and indicates that probably one-half to one-third of the displace- 
ment observed could theoretically be accounted for by local compensa- 
tion. As the most severe critics of the idea of crustal competence are 
willing to grant that the crust of the earth has strength sufficient to 
sustain a load of 3,000 feet of rock over an area having a radius of 18 
miles,** it seems clear, even granting that the above assumptions involve 
large errors as to transfer of volume, that, in the evaluation of the 
causes of the faulting, isostasy must have been of entirely subordinate 
effect in producing the observed displacement between valley and moun- 
tain blocks. 

The same result may be reached by a different method, which was 
first outlined by Gilbert,®> Since the retreat of the waters of Lake 
Bonneville its shoreline has been deformed, in a roughly symmetrical 
manner to the center of the main part of the lake—that is, the. center 
of the main part of Lake Bonneville is also the center of maximum 
upwarp of the old shore of Lake Bonneville. Gilbert drew contours 
showing this deformation. This symmetrical deformation may have 
been due to isostatic action caused by the removal of the water of the 
lake, for similar deformation in areas in Fennoscandia and in eastern 
North America followed the retreat of the continental ice-sheets from 
those areas. Gilbert’s map is here reproduced as figure 4. 

The area occupied by Lake Bonneville is a typical part of the Basin 
Range province; it is composed of mountain blocks separated from 
valleys by faults. Several of these faults that show post-Lake Bonne- 
ville movement are indicated in figure 5. 

As the area occupied by Lake Bonneville and loaded by its waters is 
practically identical with that occupied by certain valley blocks, and as 
the mountain blocks were not correspondingly loaded, the valley blocks 
would tend to sink under the water load and to renew the normal fault- 
ing between the mountains and the valleys. No evidence of move- 
ment in response to this tendency is seen on the deltas along the Wasatch 
front, where it should appear. Further, even if Lake Bonneville fault- 
ing or its absence is unproved, the isostatic movement of an individual 





% W. Bowie: On the size of the block of the earth’s crust which may be independently 
in isostatic equilibrium. Jour. Wash. Acad. Sci., vol. 14, 1924, pp. 355-362. 

%G. K. Gilbert: Lake Bonneville. U. S. Geol. Survey Monograph I, 1890, pp. 357- 
360, 365-392. 
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Ficurs 4.—Map of Lake Bonneville 
Showing deformation of the Bonneville shoreline. After Gilbert. 
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Ficurp 5.—Map of Lake Bonneville Basin 


Showing faults along which movement is known to have occurred in post-Bonneville time. 
slightly modified. 





After Gilbert; 








ae 
= 


LXXIII—BuLL. GeoL. Soc. AM., Vor. 39, 19 








er ple Re Pie adie Lith 
. 





1128 J. GILLULY—BASIN RANGE FAULTING IN UTAH 


mountain block or yalley block due to the unloading of valley blocks 
in post-Lake Bonneville time would uplift the valley area with refer- 
ence to the mountain masses, reversing the preceding movement. 
Notable faulting after Lake Bonneville time has been observed, as 
shown in figure 5, along the west bases of the Wasatch, Oquirrh, and 
Stansbury ranges. These post-Lake Bonneville faults are normal, each 
having its downthrow on the west, the movements being the same as the 
older movements on these lines. Instead of showing a rebound of the 
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THEORETICAL MOVEMENT oF BoNNEVILLE SHORELINE IN RESPONSE 
TO UNLOADING (dotted line) CONTRASTED WITH ACTUAL MOVEMENT (full line). 











Figure 6.—Diagram illustrating the Relations of Lake Bonneville Water Load 
to post-Lake Bonneville Fault Movements 


The area is in the central part of the Bonneville Basin. 


valley areas upward due to the unloading of the weight of the lake, the 
evidence indicates that the movement was in the direction of the 
Pliocene displacements. The theoretical and actual movements are 
indicated in figure 6. The conclusion seems inevitable that a unit which 
responds isostatically to a load of 1,000 feet of water (equivalent to 300 
to 375 feet of solid rock) is larger than the average Basin Range repre- 
sented by the Oquirrh or Stansbury ranges and larger than the average 
depressed block in this region, such as Jordan Valley or Tooele Valley, 
which are each about 15 miles in width. The evidence.thus appears to 
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confirm the conclusion reached from a consideration of the rock load 
transferred from mountain to valley block. 

Gilbert pointed out that the water load was adequate to produce 
faulting if the recent mountain faults can be attributed to isostasy, for 
if isostasy determined the recent movements on these faults, the load 
transfer requisite to overcome friction on the fault-plane and other 
mechanical obstacles to movement should be measured by one-half the 
displacement occurring at any one time on these faults. Such displace- 
ment on the Wasatch fault would be about 5 feet, and inasmuch as the 
water load was competent to produce movement at least sixty times as 
large, yet caused no movement, isostatic control of the recent faulting 
seems to be improbable. 

The problem may also be approached by comparing the rock load 
transferred in post-Lake Bonneville time with the fault movements in 
post-Lake Bonneville time. The post-Lake Bonneville fault movement 
along the Wasatch Range averages about 30 to 40 feet.°* If all this 
movement is to be attributed to isostatic response of the mountain and 
valley blocks to the load transferred in post-Lake Bonneville time, the 
load must have been equivalent to a sheet of rock more than 15 feet 
thick transferred from mountain to valley. The topography of the dis- 
trict shows that no such amount of material can have been moved in 
post-Lake Bonneville time. In fact, only the permanent streams have 
greatly dissected the shore features of Lake Bonneville, and the load 
transferred must be measured in inches rather than in tens of feet. 

If we assume that post-Lake Bonneville time covered 25,000 years and 
that the present rate of denudation prevailed throughout this time, the 
figures given by Dole and Stabler *’ permit an estimate to be made of 
the load transferred. Dole and Stabler estimated that denudation is 
proceeding in the Great Basin at the rate of one inch in 1,400 years. 
Their estimates include only the dissolved and suspended load of the 
streams. 

Gilbert’s °° discussion of the relative importance of traction and sus- 
pended load makes it seems probable that the traction load rarely if 
ever exceeds in quantity the suspended load, and that it may amount 
to only a small percentage of the suspended load. If, then, we double 
the rate estimated by Dole and Stabler, making it one inch in 700 years, 





%G. K. Gilbert: Lake Bonneville. U. 8S. Geol. Survey Mon. I, pp. 351, 890. 

RR. B. Dole and Herman Stabler: Denudation. U. 8S. Geol. Survey Water-Supply 
Paper 234, 1909, p. 84. 

5G. K. Gilbert: The transportation of debris by running water. U. S. Geol. Survey 
Prof. Paper 86, 1914, pp. 230-231. 
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we get an ample maximum estimate of the rate of erosion. Assuming 
25,000 years of erosion at the rate of one inch in 700 years, we find that 
the load transferred from mountain to valley block in post-Lake Bonne- 
ville time is about 36 inches. Physiographic considerations indicate 
that this figure is highly excessive—that the actual transfer has been 
much less; yet, on the hypothesis of isostatic control, even this figure is 
only one-fifth of that required to produce the displacement observed on 
the Wasatch faults. 

Under any hypothesis of the formation of the Basin Range faults, 
loading and unloading of adjacent blocks can not have occurred in the 
absence of primary faults. The evidence cited shows that the ultimate 
cause of the first faulting must also be the cause of the continuance of 


the movement at the present time. 
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EXAMPLES OF EXTINCTION AND THEIR USUAL EXPLANATIONS 
GENERAL STATEMENT 


The extinction of species, genera, families, orders, classes, and even 
phyla and complete faunas, is a phenomenon well known to paleontologists 
and biologists, and it is “so common that this has come to be looked upon 





1 Manuscript received by the Secretary of the Society May 19, 1928. 
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as the normal course of evolution.” * Some well-known typical examples 
of this phenomenon are the extinction of the trilobites at the end of the 
Paleozoic era, of the ammonites and the gigantic reptiles in the Mesozoic 
era, of the mammoth at the dawn of human history, and of the sea cow 
of Bering Strait in the eighteenth century. Although it is so common, 
extinction is, in its essentials or causes, very little known, or even quite 
unknown. The examples of extinction just cited have been explained 
in different ways, but all the explanations, some of which are very de- 
tailed, can not withstand criticism. 


THE TRILOBITES 


The extinction of the trilobites has been attributed to the rise of the 
cephalopods and the fishlike animals in early Paleozoic time, and of the 
true fishes in Devonian time.* These animals undoubtedly fed on the 
trilobites and forced them from the dominion of the early seas, ultimately 
contributing to their complete extinction, but we know that extermina- 
tion which is brought about solely by the development of a higher or 
stronger type of life can happen only under exceptional conditions, 
Usually the smaller and weaker animals have time to make compensat- 
ing adjustments to avoid extermination. We know, for instance, that 
the eggs and the young of fish are an easy prey of their many enemies 
and are destroyed in immense numbers. The chance of survival of an 
egg of the ling, for example, is one in fourteen million.* Yet the ling 
is not dying out, at least not under natural conditions, but, like many 
another fish, it offsets its unavoidable loss by a greater production of 
eggs. Carnivorous animals and their prey inhabit the same territory 
for an indefinite time, but a balance in their proportionate numbers is 
maintained. 

As a matter of fact, the organic world of the present time, both of 
animals and plants, in sea and on land, maintains a balance so perfect that 
it is brought to our attention only when disturbed by the intervention of 
man. As between two animals, this balance operates for the benefit of 
both, for the extermination of the weaker by the stronger would mean the 
destruction of the source of food of the stronger, resulting in its exter- 
mination also. If the Silurian and Devonian fishes could have completely 
exterminated the trilobites, they would probably have doomed their own 
existence. Moreover, the extinction of the trilobites was not catastrophic ; 





Science, vol. Ixv. no. 1695, 1927, 


2 W. R. Gregory:: Two views on the origin of man. 
p. 602. 

8 Charles Schuchert: Historical geology, pp. 210 and 324. 

*R. S. Lull: Organie evolution, p. 103. 
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it was in operation during the Silurian period, when their decline is first 
noticeable, and it continued through the Devonian and Carboniferous 
periods, or, speaking in terms of years, through many decades of millions 
of years—a time long enough to permit the establishment and mainte- 
nance of the natural balance. Then, also, the details of their dying out 
do not support the explanation given. In Silurian time the number of in- 
dividual trilobites was abundant, but the number of genera and species 
as compared with those in the Cambrian and Ordovician had been greatly 
reduced.> Moreover, they developed a number of features, such as spines, 
protuberances, and enlargements of parts, which primarily served, no 
doubt, as protective devices,® but some of which, by their extreme enlarge- 
ment, eventually lost their protective value. The enlargement of certain 
features was common to many extinct animals, and it might be considered 
a proof of their racial old age.’ It appears to be a result of the heroic 
efforts of a race to maintain an organic stock that is losing its vitality.® 
Such efforts were made by the trilobites millions of years before they 
were seriously menaced by their enemies. These peculiar features of 
organization were not the results of the attack of the fishes, but were due 
to causes within the trilobites themselves. The trilobites may have dis- 
appeared Only because as a race they had become old, had lost their 
vitaiity, and were unable to establish and maintain the natural balance. 


THE MESOZOIC REPTILES 


Nor can the extinction of Mesozoic reptiles and gigantic dinosaurs be 
explained satisfactorily. The animals dominated the earth more com- 
pletely than do the mammals of today, and certainly they had no enemies 
outside of their own stock, such as menaced the trilobites. The low men- 
tality of the herbivorous species was confronted with the similar low men- 
tality of their carnivorous enemies. Reference to the simultaneous exist- 
ence of more intelligent archaic mammals is not significant, for these 
small, weak animals used their higher intelligence or cunning to pro- 
tect themselves from their enemies rather than to harm these gigantic 
reptiles, much less to cause their extinction. In fact, in the opinion of 
many paleontologists the relations were exactly opposite—that is, the 
mammalian evolution was handicapped by the domination of reptiles, 
forming “an overwhelming check against which these small creatures 
could not contend.”® In the opinion of Osborn, only the dying out of 





5Charles Schuchert: Historical geology, p. 210. 
®Idem, p. 271. 

7Idem, p. 11. 

8Idem, p. 210. 

®°R. S. Lull: Organic evolution, p. 547. 
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the large reptiles “prepared the way for the evolution of the mammals.”?° 
The extinction of the gigantic land reptiles has also been explained as 
a consequence of a change of climate. The cooling of the climate and 
the obliteration of their homes in the swamps bordering the inland seas 
might have had a disastrous effect on the large beasts of Cretaceous 
time,"? provided this change had taken place rapidly; but, in the usual 
slow course of geological processes, dinosaurs had plenty of time to 
migrate to more favorable regions or to become adapted to new conditions. 

It has been said that the climatic changes that contribute to the ex- 
tinction of one race at the same time contribute to the evolution of an- 
other.’ It might therefore be supposed that some dinosaurs would have 
survived, even if the main stock had been completely destroyed. In the 
opinion of Lull, “one of the most inexplicable of events is the dramatic 
extinction of this mighty race.”** Concerning sauropods he writes: 
“We know of no reason, other than racial old age or a restriction of their 
peculiar habitat, for their extinction.” ** As has just been explained, the 
restriction of habitat can not be considered an effective cause. Especially 
is this true in relation to the reptiles that lived in “the most constant of 
all organic habitats,” ** the sea, where climatic conditions would neces- 
sarily have been much less noticeable and the animals could have adapted 
themselves to new conditions more readily than on land. But the Mesozoic 
reptiles, in the sea as well as on the land, died out completely. It may be 
that their low mentality, which may be compared to that of the present- 
day fishes, was not so great a handicap as the correspondingly low men- 
tality of the land reptiles. 

The Mesozoic land reptiles, although differing in all other respects from 
the trilobites, had many features in common with them that led to extinc- 
tion. Exaggeration of different parts of the bodily structure; extraor- 
dinary size in these reptiles, which attained the possible limit of size for 
a land animal; inharmonious development of different parts of the body ; 
development of spines surpassing imagination in form, size, and abun- 
dance—all these features in the Mesozoic land reptiles, as in the trilobites, 
point to the senility of a race preceding its extinction. And in the rep- 
tiles, as in the trilobites, these features appeared as special devices to meet 
real needs, but all of them eventually became so much exaggerated as to 
become handicaps. A good example is that gigantic spiniferous animal 





1” H. F. Osborn: The age of mammals, p. 97. 

4% Charles Schuchert: Historical geology, p. 497. 
122R. S. Lull: Organic evolution, p. 690. 

%R. S. Lull: Organic evolution, p. 531. 

% Idem, p. 517. 

%* Charles Schuchert: Historical geology, p. 7. 
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the Stegosaurus, which was developed as a special senile side branch and 
died out without issue.** Specialization aiming at some end may be- 
come overspecialization, As now used, the term overspecialization gen- 
erally implies the idea of a tendency toward extinction. Overspecializa- 
tion leads to extinction, according to Gregory ;* “extreme specialization 
may become a cause of extinction,” says Osborn.’* Wieland, writing of 
the extinction of the dinosaurs, explains it by saying that “the growth 
forces and the responses to environment were no longer in adjustment,’”’® 
a condition that is practically equivalent to overspecialization. 

We thus reach the same conclusion concerning the Mesozoic reptiles 
that we reached concerning the trilobites—that before their final ex- 
tinction they had lost their vital racial force and were unable to main- 
tain that natural balance which was especially necessary to adapt them 
to a change in environment. 


THE AMMONITES 


The most mysterious event of this kind is the extinction of the am- 
monites in the Mesozoic era. They had been declining rapidly during 
late Triassic time, but they recovered in Liassic time and increased in 
numbers and in varieties of form so great that in the Jurassic and Cre- 
taceous periods the seas were swarming with them. However, in the 
Cretaceous period the ammonites suffered complete extinction. The 
periodic appearance and disappearance of the ammonites has been com- 
pared with the corresponding appearance and disappearance of the sea 
reptiles by which they are supposed to have been exterminated. But, 
with the ammonites as with the the trilobites, such an extermination 
could not have gone on through a number of geological periods, a time 
long enough for a normal vigorous stock to establish a balance. There 
are also a number of objections to the theory that the ammonites were 
completely destroyed by reptiles. Many Cretaceous ammonites were 
deep-sea forms, which were inaccessible to reptiles. It is also worthy 
of note that the squids, upon which Jurassic reptiles fed,?° survived the 
ammonites, although they could have been more easily extermjnated than 


the ammonites. 
In the history of the ammonites we see a remarkable phenomenon. 


%*R, S. Lull: Organic evolution, p. 524. ‘ 

17 W. K. Gregory: Two views on the origin of man: Science, vol. LXV, No. 1695, 
p. 602. 

18H. F. Osborn: The age of mammals, p. 34. 

1% G. R. Wieland: Dinosaur extinction. American Naturalist, vol. lix, no. 665, pp. 
557-565. 

® Charles Schuchert: Historical geology, p. 476. 
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The stock declined twice. The first time it was vigorous enough to 
escape extinction and to develop to a degree unsurpassed in the history 
of animal life; but the second time, in the Cretaceous period, it reached 
senility and died out. Overspecialization, such as exaggeration of parts, 
was expressed in the Cretaceous ammonites no less clearly than in the 
trilobites and in the Mesozoic reptiles. “Their doom was foreshadowed 
in the uncoiling, the unnatural twisting of the shells, and the straight 
baculites.” *. Nothing similar is known of the Triassic ammonites, all 
of which had the typical ammonite shape, worked out through millions 
of generations. This race also died out only because of some inner cause 
or causes. It was unable to establish and keep the natural balance and 
was doomed to extinction. 

Though these examples of the extinction of large ancient groups of 
animals are, perhaps, the most typical and most widely known, the 
number of examples of extinction could be increased a hundredfold. In 
addition to those already cited, there are a few isolated extinct forms 
having some aberrant structure, which appeared only for a short geologi- 
cal time, and which, being doomed to extinction from the beginning, 
vanished without descendants. Such were Lyttonia of the brachiopods 
and Helicoprion of the fishes. These forms, being highly specialized, 
showed sharp deviation from the standard of their group, which foretold 
for them “a relatively brief career.”** At the same time the special 
features of these aberrant creatures were probably of great biological 
importance, because, in spite of their short life, some of them were of 
widespread geographical distribution. However, they left no issue, be- 
cause a “highly adapted or specialized form becomes stereotyped and 
incapable of racial change.” ** Their extinction may therefore be parallel 
to that of the large groups already considered. 

The examples here cited include two species that became extinct during 
the period of human history under fairly well-known conditions, and 
their extinction therefore has none of the mystery that is connected witl 
the extinction of Paleozoic and Mesozoic forms. 

THE MAMMOTH 

The first of these species is the mammoth, which once occupied large 

areas in Europe, Asia, and North America in numbers probably com- 


parable to those of the American bison. Primitive man, who was well 
acquainted with the mammoth, has left us true pictures of this animal. 


"Idem, p. 576. 
2 R. S. Lull: Organic evolution, p. 220. 
Idem, p. 293. 
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Although he used the mammoth for food, it is doubtful whether he was 
eager to hunt this huge and dangerous beast, especially as he had at his 
disposal a great variety of game that was more easily obtained. He 
could occasionally kill a mammoth that had plunged into a bog, fallen 
into a pit, or had otherwise become entrapped, but, as has often been 
suggested, he certainly did not hunt it so much as to exterminate it. 
The extinction of the mammoth has been explained as a result of 
defects in its organization or of changes in climate. A critical review of 
these explanations shows that the references to the defects of organiza- 
tion of the mammoth are either erroneous or deal with unimportant 
features, and explanations of extinction by a change in climate are of 
little significance, because the mammoth was wonderfully adapted to the 
physicogeographical conditions, including the climate, under which it 
lived and died out. The extinction of the mammoth is therefore no less 
mysterious than the extinction of the trilobites, the ammonites, and the 
Mesozoic reptiles. But the mammoth, like all animals doomed to ex- 
tinction, became highly specialized or even overspecialized. The ex- 
treme complexity of the teeth of the Siberian mammoth,** which has 
been considered an adaptation to the harsh vegetation of the north, but 
which was probably on expression of extreme specialization, was accom- 
panied by peculiarly constructed tusks and by four-toed feet. The feet 
of other elephants are five-toed, although in some species, especially in 
the African elephant, they show a tendency toward the reduction of the 
lateral digits of the hind foot.*° During its long existence in an Arctic 
climate the mammoth also developed a number of features as a protection 
against cold. Each of these features is highly specialized or even over- 
specialized. It may therefore be suggested that the mammoth, having, 
like other extinct animals, lost racial vitality, was doomed to extinction, 
owing to overspecialization, and was therefore unable to maintain the 


natural balance. 
STELLER’S SEA COW 


Another example of the recent extinction of a species is seen in the 
history of Steller’s sea cow. Discovered living near the shores of islands 
in Bering Strait by the Bering Expedition in 1741, it was completely 
exterminated during the next few years.** It was exterminated by man 
in a very short time, we might say instantaneously, in a catastrophic 
way. But even as to this animal we are not quite certain as to the real 





*%R. S. Lull: Organic evolution, p. 602. 
*R. S. Lull: Organic evolution, p. 580. 
% A. Th. Middendorff: Reise in den fiussersten Norden and osten Sibiriens, Bd. IV, 


Th. 2, S. 841. 
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cause of extinction. It inhabited a small area in numbers that appar- 
ently formed a remnant of a species that was once abundant. Its propa- 
gation had doubtless been greatly impaired and its body was highly spe- 
cialized with respect to its environment. It was probably already well 
advanced toward extinction and the Bering Expedition only accelerated 


its end. 


EXTINCTION AND EXTERMINATION DISTINGUISHED 


In connection with the extinction of Steller’s sea cow, exterminated 
by man, let us consider the difference between extinction and extermina- 
tion. The words are often used indiscriminately, the lack of discrimina- 
tion causing some confusion in the consideration of this question. Ex- 
termination is the killing by man, by other animals, or by a change of 
climate, flood, or any other outside agent—all directly or indirectly 
affecting an individual or group of individuals. Extinction is a dying 
out; and the word applies to a species or to any other larger or smaller 
taxonomic group. If the werd is used in referring to a group of in- 
dividuals, as to a number of animals of the same species living in a 
forest, on an island, or in some other restricted area, its meaning would 
be limited geographically. With many species extinction is the passive 
reaction of the organism against several different destructive agents, 
and the extinction of the species may be due to extermination. Some 
papers on extinction deal only with extermination. A good example is a 
paper by Osborn, “The causes of extinction of mammalia,”*? in which 
the numerous possible causes of extermination of mammals are con- 
sidered in great detail. The difference between these phenomena has 
been emphasized in an article by Smith Woodward. In his words, “Local 
extinction, or the disappearance of a group of restricted geographical 
range, may be explained by accidents of many kinds, but contemporane- 
ous universal extinction of widely spread group, which are apparently 
not affected by any new competitors, is not so easily understood.”** He 
does not try to explain “the universal extinction” except in connection 
with the old age of a race. His “local extinction” and “general extinc- 
tion” correspond exactly to extermination and extinction as both these 
words have been used in the present paper. 

Extermination that might affect two species, one a prolific group and 
the other a group already in process of extinction, if it were to go on 
incessantly, would produce the same result in both species—both would 





27 American Naturalist, vol. xl, 1906, pp. 769-795, 829-859. 
2A. Smith Woodward: Address of the President to the Geological Section of the 
British Association for the Advancement of Science. Science, vol. xxx, 1909, p. 327. 
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become extinct. If, however, extermination were checked, the first 
species would be able to recover and make good its losses, whereas the 
second would continue to die out and sooner or later would become 
extinct. The fur seals of Bering Sea were nearly exterminated through 
reckless hunting by American, Japanese, and Russian trappers. A 
special convention held by representatives of the three countries resulted 
in the formulation of laws that restricted the slaughter of this valuable 
animal and checked its extermination. 

A contrast to the preservation of the fur seal is seen in the fate of the 
bison in Russia. A last remnant, a herd of a few hundred of these 
animals, which had been once widely distributed in eastern Europe, 
lived in the southwestern part of European Russia, in the so-called 
Beloveshskaya Pushcha, a virgin forest covering some hundred of 
square miles. The animals were living in a reservation protected by 
strict legal regulations and were seldom disturbed, for the Pushcha was 
a wilderness and could be visited only by special permission, which was 
difficult to obtain. The animals were unmolested except during the rare 
hunting trips of the Czar, when few were killed. Further protection was 
given them against wild carnivorous animals and against hunger in win- 
ter, when supplies of hay were distributed to different parts of the 
forest. In spite of all these precautions the animals were slowly dying 
out, not only because of a gradual decrease in their number, but because 
the percentage of bulls among the young was abnormally large. Their 
complete extinction, which was approaching, was accelerated during the 
World War by the wild hunts of German officers at the time of the Ger- 
man occupation of this part of Russia. Some Russian scientists suppose 
that their extinction is due to too close interbreeding among animals of 
the same herd, but it may have been a result of natural senility of the 
race. The number of bison of eastern Europe was reduced to a single 
herd and the extinction of the animals was incessantly and surely ap- 
proaching in spite of all the protection given to them. 

A sharp contrast to the fate of the Russian bison is seen in that of 
the American bison, a close relative of the European, which was nearly 
exterminated by the white man after he invaded North America. A few 
hundred of these animals that had found protection in reservations of 
the United States and Canada proved to be very prolific. They have 
increased to a number so large that it has become necessary to kill many 
of them to avoid overcrowding the reservations. The extinction of these 
animals by extermination has been easily stopped by the protection given 
to them. The difference between the fate of the American and the Euro- 
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pean bison is due to the fact that the American bison was of a prolific 
race; its vital forces are preserved, even though it suffered closer inter- 
breeding than the European bison, which belonged to a race that was 
already in process of extinction. 

A study of the extinction of animals in historical and recent time 
affords us no better understanding of this phenomenon than the study of 
the extinction of animals in Paleozoic and Mesozoic time. Some animals 
are doomed to destruction as a race; others of the same kind are capable 
of prolific propagation, although there is no apparent difference in their 
organization or in their environment. 

In the forms considered above, old and new alike, we find high spe- 
cialization in all species or groups of species which are doomed to extinc- 
tion. Extinction is evidently dependent on some inner deficiency, 
although it is usually accompanied by high perfection in certain fea- 
tures—by far-reaching specialization. 


INDIVIDUAL AND RACIAL INTERESTS 
GENERAL STATEMENT 


The preservation of an individual and of a species does not invariably 
follow the same law or principle. We can even say that the interest of 
the individual and of the species may be directly opposite. The mecha- 
nism of evolution insures the extermination of the weak and the poorly 
adapted, and in animal breeding a rational elimination may be applied 
with good results to the race. In fish culture, for example, a few pike 
are usually placed in the pool at a certain time to devour the undersized 
fish and to create better feeding conditions for the larger and stronger 
fish. This practice is followed in the interest of the species. 

On the other hand, some action that might be favorable to the indi- 
vidual may be destructive to the race. Birth control, for example, is 
practiced in the interest of the individual, but if it should be applied 
widely and constantly, it would bring about the extinction of the human 
race. The destruction of the race would thus result from action under- 
taken for the benefit of the individual. 


INSTINCT OF SELF-PRESERVATION CONTROLLING THE INTERESTS OF THE 
INDIVIDUAL 


The instinct of self-preservation protects an organism against extermi- 
nation ; the parental and sexual instincts care for the race. The viola- 
tion of the law of self-preservation may mean suffering varying in in- 
tensity according to the degree of violation and in its extreme form 
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(suicide) causing death. Against this suffering and possible death every 
living creature maintains a struggle throughout its life, a struggle sup- 
ported and directed by the instinct of self-preservation, which has been 
developed during countless generations. The violation of this instinct 
by self-destruction is rare among the lower animals and it is abnormal 
among human beings, and the tendency to suicide may be overpowered 
by the stronger tendency arising from the instinct governing the preserva- 
tion of the species or the race. 


PARENTAL AND SEXUAL INSTINCTS WORK FOR THE PRESERVATION OF 
THE RACE 


General statement.—The desire to preserve the species does not appeal 
to the individual so strongly as the instinct of self-preservation, because 
its effect lies beyond the period of individual existence and covers unborn 
generations. Reaction against events endangering a species is therefore 
not so immediate as reaction against events endangering the individual. 
The instincts governing the preservation of species are therefore less 
comprehensible and may seem mysterious. The parental and sexual in- 
stincts insure the preservation of a race, and although they differ in dif- 
ferent groups of animals and among different individuals of the same 
group, they are usually more powerful than the instinct of self-preserva- 
tion. 

Parental instinct—The parental instinct is developed to extreme per- 
fection in the insects. A large part of the life of many adult insects 
is devoted to work done in the interest of future generations, such as 
that of seeking protected places in which to raise the young and provid- 
ing them food. No breeder has so many cares for his stock nor plans 
so carefully for future conditions. This instinct is also possessed by 
fishes, whose well-known seasonal migrations from the sea into rivers 
and upstream, in spite of rapids and waterfalls, are made for no other 
purpose than to find good breeding grounds for the next generation. 
So devoted are they to their task that, in spite of their loss of strength in 
traveling upstream, they do not stop for food, but completely disregard 
the instinct of self-preservation, and after having accomplished their 
aim they perish. 

The parental instinct appears to be the very foundation of human 
society. Such institutions as marriage and the family, on which human 
society is based, have originated for the sake of future generations... Care 
for children is still a leading motive in the life of communities, among 
barbarous tribes as well as among highly cultured nations. With 
rare exceptions, fathers and mothers are ready to sacrifice their lives 
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for the sake of their endangered children. We thus observe that in 
human society, just as among fishes and insects, the instinct of self- 
preservation retreats before the parental instinct. 

Sexual instinct—The sexual instinct among all animals is stronger 
and more mysterious than the parental instinct. The most striking 
examples are found among the insects, in which the sexual instinct 
manifests itself in different and in extremely peculiar forms. Among 
the bees, for example, the sexual instinct serves exclusively the interests 
of the community. The male and female bee mate only once, and after 
the mating the male, being mortally mutilated, dies immediately. The 
other male bees, the drones, whose possible usefulness to the community 
is ended by that mating, are tolerated only until the honey harvest sea- 
son is nearly at its end, and are then mercilessly killed and cast out by 
the workers. This hecatomb after the act of reproduction and the later 
care of the eggs and young by the asexual bees involves complete neglect 
of individual interests, the sexual instinct becoming a communal affair. 

Among spiders the female may attack and devour the male after mat- 
ing. The male, knowing well his possible fate, is not deterred from 
mating by the instinct of self-preservation. During mating the female 
mantis often gnaws the head of the male, who neither offers real re- 
sistance nor tries to escape. Among copepoda some males are so dif- 
ferent from the females that it is difficult to identify them as members 
of the same species. They are much smaller and, roughly speaking, con- 
sist of a sack filled with sperms, living as a parasite attached to the 
reproductive organs of the female. Here the individuality of the male 
is completely sacrified to sexual interests and reproduction. 

Among the higher animals, human beings not excepted, the sexual in- 
stinct is very strong, although its effects are not always recognized or 
understood. The sexual instinct is a powerful motive of many human 
actions. Three-fourths or more of the crimes committed and a large per- 
centage of the suicides are directly or indirectly chargeable to it. The 
life of an individual is often sacrificed to what is termed sex appeal. 
History has preserved many stories of beautiful queens who had their 
temporary lovers put to death. Some of these men realized that they 
would pay with their lives for a short felicity; but, led by the sex appeal, 
they were willing to ignore the instinct of self-preservation. When a 
present-day suitor expresses his willingness to pay for sexual favors with 
his life, he unconsciously reverts to conditions in former days, when 
such an affair was serious and might have grave consequences. 

These few examples, which could be multiplied indefinitely, show that 
not everything which is beneficial or pernicious for the individual is such 
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for the preservation of the race, and vice versa. The importance of this 
fact has never been sufficiently appreciated. Most paleontologists and 
biologists who have attempted to explain the extinction of a race have 
sought causes that affect the individual and have cited these causes in 
explaining the extinction of a species. It is not surprising that such 
explanations could not withstand criticism and were usually complete 
failures. 
INDIVIDUAL AND RACIAL LIFE 


METABOLISM CONTROLLING THE EXISTENCE OF THE ORGANISM 


The existence of an individual is dependent on its ability to find food 
and transform it into body tissues by means of very complicated processes 
known as metabolism. If the metabolism of an animal is wrong, it be- 
comes sick, and if the defect is not corrected the animal dies. Every 
individual, after living for a time that differs greatly for different. 
animals, but that is of more or less the same duration for every species, 
will unavoidably be affected by defects of metabolism and will die a so- 
called natural death. 


POWER OF REPRODUCTION CONTROLLING THE PRESERVATION OF A RACE 


The preservation of a race is dependent on the ability of the organisms 
composing it to reproduce. Usually this ability is conjoined with the 
physical development of the individual, which may be divided into three 
stages. The first stage is the period of greatest growth, when the income 
of the body is much greater than its expenditure. The stage continues 
until physical maturity is reached, when some kind: of equilibrium be- 
tween income and expenditure is established, which is maintained 
throughout the reproductive period. With the passing of the period of 
reproduction metabolism decreases and the individual gradually loses 
vitality. This general statement may not be correct for every organism 
or race, but as the expression of a general principle it may be sufficiently 


correct. 
DECREASE OF REPRODUCTION IN HIGHER AND MORE SPECIALIZED ANIMALS 


The relation between reproduction and individual life is not invariably 
so simple. For no apparent reason a strong, healthy individual may be 
incapable of reproduction. The power of reproduction also may not be 
completely lost; it may be only decreased, as it is when the number of 
births is small, or when the percentage of male births in a species or race 
is much higher than that of female births. This phenomenon may be 
considered the beginning of sterility. We do not know the real cause 
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of sterility that is not produced by some evident abnormality. It has 
been suggested that insanity provokes sterility in the fourth generation. 
Too close interbreeding may gradually develop into sterility, and if the 
stock is not reinvigorated with new blood it will bring about the complete 
extinction of a race, though the correctness of this statement has been 
questioned or denied by some biologists. It has been observed that in 
the first generation interbreeding gives offspring of high grade. In this 
way a breed of setters of high quality, but of short longevity, was ob- 
tained. The breed began to die out so quickly that the breeder wit- 
nessed the gradual extinction of his product. 

Sterility, even in its first stage, in no way shows a low degree of ad- 
vancement of a species. Indeed, prolification may decrease with ad- 
vancement, either through a diminishing number of offspring or an in- 
creasing period of gestation and maturity. Man has the rather doubt- 
ful distinction of being one of the least prolific of animals. It is also sug- 
gested that the higher human races are less prolific than the lower ones, 
and that a higher standard of living is usually accompanied by a lower 
birth rate, which is not compensated by a correspondingly low death rate. 
The very common dying out of low human races that bear only a few 
children does not invalidate this statement, because this phenomenon 
is due to certain special causes. The prolification of the lower animals 
is enormous. Accerding te Huxley’s estimate, the descendants of a 
single green fly, if all of them survived and multiplied, would at. the 
end of one summer outnumber the population of China. Common house 
flies would in the same time occupy a space of about a quarter of a million 
cubic feet, allowing 200,000 to a cubic foot.2® These examples are by no 
means extreme. In comparison with them we find an example no less 
striking—that of the elephant, which begins to breed at the age of thirty 
years and has a period of gestation of nearly two years. 

We do not know why high specialization and perfect adaptation to cer- 
. tain conditions is accompanied by complete sterility or by a decrease of 
fecundity, which is, probably, the first stage of sterility. We can only 
suggest that sterility has developed slowly and gradually, and that in the 
animal kingdom it begins with unconscious weakening of the sexual in- 
stinct. Animals whose physical and psychic forces are given over to a 
certain aim, such as the achievement of a certain adaptation, have not 
the same energy to expend in perpetuating the race as those whose energies 
are not thus expended. In succeeding generations this transfer of energy 
could gradually provoke a degradation of the reproductive organs, very 





7 R. S. Lull: Organic evolution, p. 104. 
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slight at first, by dulling the sexual instinct. These changes would be 
going on simultaneously with the final and fatal result, the loss of the 
power of reproduction. 


DECREASE OF REPRODUCTION IN HIGHLY SPECIALIZED PLANTS 


Unhappily, we are not able to discover why sterility affects some indi- 
viduals that are apparently in perfect physical condition. In the solution 
of this problem we get much more information from the study of plants. 
A great number of highly specialized cultivated plants seldom or never 
produce seeds and have to be propagated by cuttings. A well-known -ex- 
ample is the garden rose. Few cultivated varieties of the banana *° or 
the sugar cane produce seed.** The sweet potato (Batatus edulis) has 
been preserved only through cultivation.*? Through cultivation, also, 
the common potato (Solanum tuberosum) is gradually losing its power 
to produce seed. Bailey says: “In the potato, as tuber production has 
increased, seed production has decreased. Now potatoes do not produce 
bolls as freely as they did years ago.** So-called seedless fruits belong 
to the same category. Some of these highly specialized plants, if left 
without the attention of a gardener, would perhaps restore their lost 
power of producing seed, and they would at the same time lose their ac- 
quired artificial qualities; but most of them would soon become extinct 
if it were not for the intervention of man. 


OBSERVATIONS ON PLANTS APPLIED TO ANIMALS 


The observation of highly specialized plants helps us to explain tenta- 
tively the alterations that are going on in highly specialized animals and 
that decrease their productivity. The parts affected are the genital 
organs, or, to speak more correctly, perhaps, the genital glands, the 
secretions of which may more or less decrease or cease entirely, like 
the production of seed ceases in highly specialized plants. Animals 
as individuals would not be harmed by this loss; they might even 
be benefited by the transfer of energy to other parts of the body, but for 
the preservation of a race the loss would be fatal. On the other hand, 
the specialization of certain parts of the animal body to form reproductive 
or genital organs diminishes prolification. In the lower organisms re- 
production goes on by the fission of the whole body. In the Infusoria 





% A. De Candolle: Origin of cultivated plants, p. 307. 

“Idem, p. 156. 

“Idem, p. 33. 

SL, H. Bailey: Plant-breeding, p. 225. The writer feels greatiy indebted to Dr. 
0. E. Jennings for all the information concerning cultivated plants. 
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such fission may even be produced mechanically by skillful dissection. 
But the evolution of the animal kingdom is paralleled by a decrease in 
prolification. Most of the members of a colony of Coelenterata may lose 
entirely the power of reproduction, which has become a function of cer- 
tain specialized individuals. In other animals reproduction through fis- 
sion occurs only by budding in certain parts of the body. The origin of 
the genital glands of the higher animals may be traced to budding, but 
in greatly modified and highly specialized form, a form that is easily 
subject to the influence of many exterior and interior agencies. All the 
variations in the reproduction of different animals and in their fertility 
must be considered in connection with the structure, function, and altera- 
tion of these important parts of every animal that has a somewhat high 
systematic position. 

By all these considerations we are able not only to explain extinction 
brought about by the great specialization and accompanying sterility of 
organisms, but to understand the origin of those peculiar structures that 
paleontologists consider indications of the old age of a race. Some kinds 
of specialization that affect the reproductive powers of a race may not 
cause immediate sterility, but may produce a gradual decrease in pro- 
lification. Such specialization releases energy, which is used to achieve 
further specialization and to increase structural variability, or to develop 
structures that may be beyond present needs. The energy that had been 
devoted to reproduction seems to have been diverted to the multiplication 
of alterations of bodily structure. When we consider the spines on the 
valves of a Productus; the rich ornamentation of the ribs, spines, and 
tubercles on the shells of ammonites; the peculiar armor and forbidding 
spines of the Stegosaurus; the antlers of the extinct great Irish stag; 
the gigantic but not correspondingly advantageous size of the Diplodocus, 
and other similar forms, we can only conclude that all these extremely 
developed features represent an unnecessary excess of structure and 
waste of energy. Extravagance of structure decreases the reproductive 
ability of a race and diminishes its resistance to extermination, although 
at the same time the race may appear to be well prepared for the strug- 
a fact that makes its extincion inexplicable and mys- 





gle for existence 


terious. 
Complete sterility is not the only condition determining the extinction 


of a race, and it was doubtless attained only in a few extinct races, but 
partial sterility, or the decrease of reproductive power beyond certain 
limits, is probably the axis on which the whole process of extinction 
revolves and is, perhaps, the main or only cause of this mysterious 


phenomenon. 
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The relation between the extinction of a race and its fertility has been 
very little considered by naturalists. Merriam suggests ** that dimin- 
ished reproduction induced by low temperature would be a barrier to the 
geographical distribution of a certain race and would contribute to its 
extinction; but if the race had preserved its structural flexibility—in 
other words, if it had not been overspecialized and its productive ability 
were normal—it would gradually become adapted to new conditions 
and survive them. 


HIGH SPECIALIZATION AND INCREASED FERTILITY OF PARASITES 


We know of only one class of animals, the parasites, in which close 
adaptation to the immediate environment, causing an unavoidably great 
overspecialization, has been accompanied by increased fertility. How- 
ever, this apparent exception only supports the view here advanced. 
In parasites the specialization is degenerative. They lose the organs of 
locomotion, and the special senses and the nervous system accordingly 
degenerates. The external skeleton becames simpler or is entirely lost. 
Reduction of the vegetative organs, such as those of respiration and cir- 
culation, of the alimentary canal, and of the digestive glands is com- 
mon.** These organs therefore become of very little use, and the energy 
that is used by other animals in the specialization of bodily parts is in 
parasites freed and given over to reproduction, resulting in the preser- 
vation of the race. Consequently the genital organs of parasites are 
greatly enlarged and all parasites are very prolific. 


CoNCLUSIONS 


Owing to extinction, the normal course of evolution has been inter- 
rupted innumerable times. There is no line of evolution to which this 
statement would not apply. Races have been preserved not by means of 
their most brilliant representatives, for great achievements cause some 
deficiency of vital racial force, but rather through mediocre individuals. 
We are even able to establish an empiric law that “the upwelling of 
future organic rulers begins in unobtrusive small forms,” ** or, as 
expressed by Cope, in the “survival of the unspecialized,” because, as he 
states, the highly developed or greatly specialized types of one geologic 
period are not the parents of the types of succeeding periods.* 

Especially important and interesting in this respect are those per- 





“H. F. Osborn: The age of mammals, p. 504. 
*R. S. Lull: Organie evolution, p. 266. 

* Charles Schuchert: Historical geology, p. 449. 
* Idem, p. 450. 
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sistent types that have gone through a number of geological periods 
without great alterations in structure. Their evolution bas been ar- 
rested,** and in recompense they have received a longevity that seems to 
approach immortality. 





% Rudolph Ruedemann : Paleontology of arrested evolution. New York State Museum 
Bulletin, No. 196, 1918, pp. 107-134. 
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INTRODUCTION 


Columnar structures in limestones are rare, and the type described in 
the present paper appears to be new to geologic literature. Buttress 
structures in volcanic plugs have escaped the notice of geologists, and 
the name is applied under the supposition that they have not been de- 
scribed. The two structures are unrelated save in having been formed 
by differential vertical movements. 

The field observations were made by Branson and were too limited 
to satisfy some of the questions raised in preparing the article. Branson 
was in northwestern New Mexico for about six months and studied 
many of the igneous plugs of that region, some of them several times. 
The columnar limestone was observed in situ in only one place, and 
Branson visited that place only four times. The laboratory study of 
the limestone columns was made by Tarr and the explanation of their 
origin grew, largely, out of his previous studies of stylolites. 

Thanks are due the Gypsy Oil Company for permission to publish the 
observations on the buttress structure. 


CoLUMNs IN LIMESTONE 


About 20 miles up Bull Lake Creek from the bridge on the Lander- 
Yellowstone Park road, 40 miles northwest of Lander, Wyoming, colum- 





1 Manuscript received by the Secretary of the Society June 4, 1928. 
(1149) 
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nar structure of a remarkable type occurs in the Gallatin limestone 
(Cambrian). Broken columns are widely scattered over a rock slide 
described by Branson. Good exposures of the columnar beds appear 
in a cliff at the west end of the slide, about 2,000 feet higher than the 
bed of Bull Lake Creek. The photograph reproduced in plate 30 was 
made at this place. Columns in place were observed for only a few 
hundred feet, but as the conditions of exposure were poor, the columnar 
beds may extend for miles. 

In 1926 Branson found similar columns in the Gallatin limestone on 
North Fork of Popo Agie River about 20 miles northwest of Lander. 
He found many scattered columns, but none in place. Later, H. E. 
Mathias found the columns in situ and brought specimens to the Uni- 
versity of Missouri. Branson has examined the geology of most of the 
vaileys of the east slope of the Wind River Mountains, but has seen 
none of the columns in other places than the two mentioned. How- 
ever, the places of outcrops examined are so inaccessible that other occur- 
rences may have been overlooked. 

The columns are normal to the bedding planes. Most of them range 
from + to 6 feet in length, but a few are shorter. The smallest are 
about three inches in diameter and the largest twelve. In cross-section 
they are subangular, with three to eight sides, sharp angles having be- 
come rounded during the development of the columns. The bound- 
aries between the columns are well defined, as shown in figures 2 and 3, 
plate 30. 

STRIATED SURFACES 


The columns exhibit three types of striated surfaces: (1) the exterior 
of the major columns, (2) cone-shaped surfaces within the columns, and 
(3) numerous stylolites. 

The exteriors show both striations and flutings, which are not con- 
tinuous, but are scattered over the surface in patches and are largest 
and most prominent of any of the three types of striations. However, 
the greatest length observed on the specimens studied in the laboratory 
was three inches. The striations are parallel to the axis of the columns, 
as a rule, but one area shows them inclined. Whether these surfaces 
originally were smooth and polished like stylolitic columns and fault- 
planes can not be determined, as the specimens have undergone weather- 
ing. The areas of striations and flutings occur at intervals the entire 
length of the columns. 


2E. B. Branson: Bull Lake Creek rock slide in the Wind River Mountains of Wyo- 
ming. Bull. Geol. Soc. Am., vol. 28, pp. 347-350. 
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The second type of striated surface is on the sides of rude cones which 
are inside the column. The axes of the cones are parallel to the sides 
of the column. The. cones are from two to four inches across the base 
and up to one and one-half inches high and are found at irregular in- 
tervals within the columns. They seem to be exceptional developments 
of the stylolites that cross the columns and are not true cone-in-cone 
structures.* The striations are irregularly distributed over the conical 
surfaces. The surfaces of the cones are covered with a thin layer of 
pale greenish clay and siliceous material of undetermined composition. 

Stylolitic seams represent the third type of striated surface. They 
are nearly normal to the sides of the columns and are roughly parallel 
to the bedding. Some of them depart 30 degrees from the transverse 
plane of the columns and probably represent the initial form of the 
conical surfaces. Usually they cross the column, but they may be only 
one or two inches in length, and they exhibit as many variations in form 
as do the stylolites in the Tennessee marble. The length of the stylo- 
litic column in these seams is small, rarely reaching three-sixteenths 
of an inch and averaging about one-sixteenth of an inch. The stylo- 
litic seams show a thin coating of residual material, thickest on the 
ends of the columns and thin or lacking on the sides. The residual 
material is usually light colored, commonly a pale greenish gray. Fifteen 
of the stylolitic seams were counted in a 10-inch piece of a column. 


ORIGIN OF CoLUMNS 


Columnar structure in limestone is an unusual phenomenon. Kindle * 
has described a well developed columnar structure in a bed of Silurian 
limestone in eastern Quebec. He states that it is unrelated to stylolitic 
structure, that the columns are confined to the upper twenty-four inches 
of a bed, and that they originated from mud-cracks that were well pre- 
served. The columnar structure described in this paper ts related to 
stylolitic structure, each column representing an unusually large de- 
velopment of a stylolitic column which extends from the top to the bot- 
tom of the bed. The shape (see figure 2, plate 30) and striations of the 
columns (see figure 1, plate 31) show that they had a different origin 
from those described by Kindle. 

The striations and flutings must have been produced by differential 
movement of the columns or portions of them. The columns do not 
extend beyond the plane at the top and bottom of the bed, indicating 


3W. A. Tarr: Cone in cone. Am. Jour. Sci., vol. 4, 1922, p. 199. 
*E. M. Kindle: Columnar structure in limestone. Geol. Surv. Canada, Mus. Bull. 
2, 1914, pp. 35-39. 
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that the movement did not extend past these planes. A satisfactory ex- 
planation of such movement is that portions of the column had been 
removed by solution, thus permitting displacement to occur. This is 
the explanation of stylolites arrived at by Gordon,® Hopkins,® Sorby,’ 
Tarr,® and Stockdale, who showed that differential pressure and solu- 
tion localized the solvent work along a plane, thus starting the columns 
which continued to grow by solution at the opposite ends of adjacent 
columns. 

The initial shape of the columns in cross-section seems to have been 
due to mud-cracks with their usual curves. After the beds consolidated, 
jointing probably followed the lines of weakness induced by the mud- 
cracks, forming the three to eight-sided columns. However, the num- 
ber of sides of the columns is obscure, as solution along the joints and 
vertical movement obliterated the original angles. Much solution took 
place along horizontal joints and cracks within the columns, allowing 
the stylolitic seams and conical surfaces to develop by differential vertical 
movement. The insoluble residue capping all the stylolitic columns 
and coating the sides is evidence of the solution work. As the lime was 
removed, the column as a whole shortened. As the solvent work was 
probably not uniformly distributed through a column, certain portions 
underwent more rapid shortening and more movement than others and 
the striations developed differently. Scattered through the columns, but 
always within the stylolitic seams, are numerous areas of transparent 
calcite, deposited during or after the formation of the stylolitic seams. 
Small crystais of calcite also occur along the striated or fluted surfaces. 
The calcite areas indicate that solution and deposition probably oc- 
curred simultaneously during the development of the columns and 
stylolites. 

Since the movement which permitted the formation of striated sur- 
faces was entirely within the bed having columnar structure, the ques- 
tion arises as to how much material was removed by solution and the 
probable amount of reduction in thickness of the original bed. Al- 
though no_ recise measurement of the loss by solution can be made, even 
an approximate estimate is of interest. Assuming that the insoluble 
residue was derived from the solution of the limestone, a sample of 





5C. H. Gordon: On the origin and nature of the stylolitic structure in Tennessee 
marble. Jour. Geol., vol. 26, 1918, p. 561. 

*T. C. Hopkins: Stylolites. Am. Jour. Sci., vol. 4, 1897, p. 142. 

‘TH. C. Sorby : Quart. Jour. Geol. Soc. London, vol. 64, 1908, pp. 224, 227. 

8’W. A. Tarr: Stylolites. Treatise on sedimentation, 1926, p. 518. 

*P. B. Stockdale: Stylolites, their nature and origin. Indiana Univ. Studies, vol. 
9, 1922, p. 67. Excellent account, with bibliography. 
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the dense limestone was dissolved in hydrochloric acid and the per- 
centage of residue determined. This was found to be 7.5 per cent. In 
order to determine.the exact amount of shortening, it would be neces- 
sary to know the composition of the residue, its specific gravity, and 
the total thickness of the residue on all the stylolitic and other sur- 
faces produced by solution in a full column. Not all of this informa- 
tion is available. Assuming the specific gravity of the residual ma- 
terial (siliceous material, kaolin, and some iron oxide) to be about that 
of the limestone, the 7.5 per cent dissolved material would produce 
514 inches of shortening in the six-foot columnar beds. Stockdale *° 
measured various sections of limestone that included numerous stylo- 
litie seams and estimated the approximate loss due to solution as rang- 
ing from 12.6 per cent to 34 per cent. In a limestone from Carthage, 
Missouri, the loss from a section now 38 feet long had been about 11 
feet. In the columnar limestone under discussion, 5144 inches is prob- 
bably a minimum estimate of the amount removed. As striations 
on stylolitic columns develop where the maximum movement is less 
than a quarter of an inch, the solution work was adequate to account 
for them. 

Summarizing: The columnar structure seems to have originated 
through differential solution and pressure acting in a manner similar 
to that which produces stylolitic structures. The solution of material 
along more or less horizontal planes permitted compression and dif- 
ferential movement of the columns relative to one another, which pro- 
duced the striations and flutings on the columns and caused the develop- 
ment of the stylolitic seams. 


VoLcANIC PLUGS IN NORTHWESTERN NEW MEXIco 


In northwestern New Mexico are numerous plugs composed of vol- 
canic agglomerate and ash. Ship Rock, about 90 miles north of Gallup, 
is the best known of these plugs. Little Ship Rock, about 10 miles 
east of Ship Rock, is the most interesting and Bennett Peak is the most 
readily accessible, as it is only about 2 miles off the main road from 
Gallup to Mesa Verde National Park. Gregory’s™ map of the San 
Juan basin shows about one-fourth of the plugs of the region. 

From a distant view of the plugs one would expect them to be com- 
posed of basalt, but nearly all are made up of agglomerate. Most of 





Pp. B. Stockdale: Stratigraphic significance of solution. Jour. Geol., vol. 34, 1926, 
p. 405, 

Herbert E. Gregory: Geology of the Navajo country. U. S. Geol. Survey Prof. 
Paper 93, 1917. 
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the fragments are of the size of ash, but some pieces range up to 20 
feet in diameter. Fragments of Cretaceous sandstones and shales, of 
“Red Bed” sandstones and shales, and even of limestones from the 
underlying Goodridge formation occur, but igneous material predomi- 
nates. 

Ship Rock projects 1,800 feet above the surrounding plateau. The 
section at Ship Rock, from the surface of the plateau to the Goodridge 
formation, is about as follows: 

{ Mancos shale, 1,100 feet. 


Cretaceous The total thickness of the Mancos is 1,800 feet. 
Dakota sandstone, 100 feet. 


Comanchean { McElmo formation, 200 feet. 


Navajo sandstone, 400 feet. 
Jurassic ? Todilto, ? 
Wingate, 300 feet. 


Triassic Shinarump, ? 


Chinle, 1,000 + feet. 
Moenkopi, 1,000 + feet. 


Total from surface of plateau to Goodridge limestone, 4,100 feet. 
Total from top of Ship Rock to Goodridge limestone, 5,900 feet. 


As fragments of Goodridge are contained within Ship Rock, the hole 
through which the fragments were blown must have been 5,900 feet 
deep and may have been several times that depth. 

Nearly all of the plugs have been intruded by basalt dikes or contain 
irregular basalt intrusions. As the dikes cut not only the plugs but 
the surrounding rock, the intrusions entered after the agglomerates had 
solidified. From Ship Rock dikes extend in three directions for several 
miles. The dikes are probably of the age of the lava flows that cap 
part of the Chuska Mountains to the west, while the plugs probably 
originated in the early Tertiary, at the time that volcanic ash deposits 
formed in the region. 


BuTTRESs STRUCTURE 


The feature of the plugs that induced the writing of the present 
paper is a buttress structure that occurs in at least two of them. Little 
Ship Rock, the finest example, is about 1,000 feet in diameter and 
stands 400 to 500 feet high. (These are estimates; no measurements 
were made.) The sides are vertical for 200 feet or more in many 
places and are fluted with vertical buttresses, some of which are 40 
feet across and project outward 20 feet. In front and on the sides 
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they are scored with vertical depressions. The buttresses stand out so 
prominently that they give the impression of being made of masonry 
and the entire plug resembles a huge old castle. 

A buttress may vary little in size for a hundred feet or more verti- 
cally ; thence gradually decrease in size, become smaller, and finally dis- 
appear. The photographs of Little Ship Rock illustrate all of the 
features mentioned (see figure 1, plate 30). 


ORIGIN OF BUTTRESSES 


The buttresses must have formed after the agglomeraté became solid, 
as such features could not maintain their form in loose materials. At 
first it seemed probable to the writers that they were caused by a set- 
tling of the mass which was formed by the blowing out of a hole in the 
rocks and the filling up of the hole with fragments. Probably great 
quantities of ash were blown out, but the hole retained within itself 
most of the larger pieces, and quantities of ash and larger pieces fell 
back in. A great deal of compaction must have taken place on account 
of the weight of materials in the hole, 5,000 feet or more in depth, but 
most of the settling would precede consolidation. 

Two explanations of the origin of the buttresses are possible: one 
that the plug settled after consolidation, on account of extrusion of 
lava from underneath, and the other that the plug was pushed upward, 
on account of voleanic activity. Settling seems improbable, as the 
escape of lava would allow the surrounding rocks as well as the plug to 
settle. The pushing upward of the plug would produce the buttresses 
by irregular projections in the side of the hole scouring out depressions. 
The irregularities would gradually wear away and the depressions fail 
to be formed. The photograph of Little Ship Rock shows some of the 
buttresses playing out upward. One should be able to determine the 
direction of movement by careful investigation, but Branson did not 
carry the study to completion. 

Little Ship Rock and Ship Rock seem to represent phenomena similar 
to the extrusion of the spine of Mount Pelee. As none of the buttresses 
is more than 300 feet long, upward movement in Little Ship Rock need 
not have been more than 300 feet. The spine of Pelee was extruded 
some 1,500 feet. The cases are similar only in the pushing up bodily 
of a mass through the main crater. The mass in Pelee seems to have 
been highly viscous rather than fragmental. 

Ship Rock and Little Ship Rock are the only plugs that Branson 
remembers as having the buttress structures and his notes record no 
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other. None of the other plugs has dikes of importance radiating out 
from it, and it is likely that the lifting of the plugs or the settling of 
the surrounding materials was associated with the dike intrusions, and 
that Little Ship Rock and Ship Rock were at the foci of the forces 
involved. 





BULL. GEOL. SOC. AM. VOL. 39, 1927, PL. 31 





Pictre 1.—VDart or A LiMestoNe COLUMN 


Showing stylolites and cone structure at the right end. One-half natural size. 





Figure 2.—Part or A LIMESTONE COLUMN 


Showing striations and cone structure. Three-fourths natural size. 


PART OF A LIMESTONE COLUMN 
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INTRODUCTION ; 


Coastal charts afford almost the only means by which we can study 
continental shelves. In such studies we can employ several methods. 
We can draw profiles, construct contour maps of the shelves and compare 
them with maps of adjacent lands, plot the zones of sediment and try to 
determine their significance, and study the shape and character of the 
shorelines. The writer has used all these methods in his study of shelf 
phenomena in the charted regions of the world. This study has shown 
that we can learn little of the history of the shelves without first getting 
information concerning all the coasts of the world, and that the character 
of parts of the shelves is nearly everywhere clearly related to the char- 
acter of the adjacent coast. One kind of shelf is typical of regions where 
large rivers empty into the sea; another is typical of glaciated coasts; 





1 Manuscript received by the Secretary of the Society February 6, 1928. 
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another of old mountainous tracts; another of arid plains; another of 
young mountain ranges. Each of these types forms a unit, which can be 
considered more or less independently. The present paper will be de- 
voted to shelves adjacent to the mouths of large rivers. Since the 
great majority of large rivers debouch in areas relatively free from 
diastrophic movements, we have additional reason for considering this 
class separately. 
WiptH oF SHELVES 


Most of the continental shelves off large rivers are wide, their width 
averaging twice that of the other shelves. Is this width the result of 
sediment carried out from the large rivers and deposited as bottom-set 
beds beyond the deltas? An examination of a chart throws some light 
on this question. The chart of the Mississippi delta region (figure 1) 
shows that, rather than a wide shelf, we have almost no shelf directly 
off the delta. Apparently the delta has eliminated the shelf. Almost 
all other deltas overlap somewhat onto otherwise broad shelves. It has 
been supposed that deltas will develop only where the coast is protected 
from strong currents or severe storms. Although the Mississippi empties 
into a gulf, the gulf affords little, if any, protection from erosion. The 
Gulf of Mexico is subject to severe storms and there are strong currents 
along its coast. The deltas of the Kistna and Godvari rivers, that are 
now advancing across the shelf on the west side of the Bay of Bengal, 
are doing so despite the violence of the monsoon storms. Johnson and 
Barrell have reasonably suggested that when an area has been reduced 
to old age its main streams can no longer continue to build deltas against 
the force of the waves. The continued advancement of the Mississippi 
into the Gulf shows that a region must be greatly reduced in height 
before the formation of deltas off its large rivers is stopped. It seems 
likely that, except under unusual circumstances, a delta will eliminate 
any shelf in front of it and certainly will not increase its width. 

The width of the shelves is more readily explained in another way. 
Most small rivers and many large rivers empty into estuaries. Many 
large rivers are supposed to have recently completely filled former 
estuaries. Borings in numerous deltas have revealed fresh-water beds 
well below present sealevel.* All this evidence points to either a sink- 
ing of the land or a rise in sealevel. Such a change would submerge 
much greater tracts of the flat deltas and alluvial plains than of the more 
sloping adjacent territory. In this way we can account for the wide 
shelves off the great rivers. 


2 Joseph Barrell: Jour. Geol., vol. 14, p. 316. 


LXXV—BuULL. Grow. Soc. AM., Vou. 39, 1927. 
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DrownepD DELTAS 


A general drowning of river valleys should have left indications of 
submerged deltas. -Off most large rivers sufficient soundings have been 
made to give a fairly definite idea of the adjacent ocean bottom. Con- 
tour maps based on these soundings are subject to errors arising both 
from insufficient data and from lack of exact positions. On the other 
hand, many contour maps of the land that have been made from as 
little data show the general topographic character of the areas mapped. 
What are the criteria for a submerged delta? In the first place, the 
top of a delta is relatively flat, having only a gentle seaward slope. It 
is not quite so flat as a view of it suggests, for it contains numerous 
depressions made by channels. In the event of drowning of the delta, 
these depressions would no doubt be somewhat filled. Most deltas have 
lobate fronts. A change in the level of the sea or the land might have 
produced a series of overlapping deltas. Partly covered deltas would 
show particularly flat surfaces. The slopes between flats of different 
level would be the steeper foreset beds of the more elevated deltas. The 
contoured charts adjacent to large rivers show many surfaces that sug- 
gest deltas (figures 1, 2, 3, and 4). Flats or gently sloping terraces 
with lobate borders occur off about 85 per cent of the large rivers of the 
world. It is, furthermore, noteworthy that very few such flats and 
lobate terraces are found off regions in which there are no large rivers. 
Where a delta has been built out to a preexistent submarine escarpment, 
such as the continental slope, probably the delta would have developed 
a fairly straight front along the edge of the escarpment. Thus we may 
account for the straight border of the submarine delta off the Rhone 
River (figure 4). 

CAUSE OF THE DROWNING 
EXPLANATION SUGGESTED BY BARRELL 


As submerged deltas are found off »early all large rivers, they can 
not be due to local diastrophism. A rize in sealevel would seem to be 
their most natural cause, but another possibility should be considered. 
Barrell suggests that under some circumstances sedimentation might 
produce subsidence, and that accordingly the deltas would produce local 
sinking. There are several ways of testing the relative value of the 
two suggestions. 





3 Joseph Barrell: The strength of the earth's crust. Jour. Geol., vol. 22, p. 37. 
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EVIDENCE OF SUBMERGENCE 


If the land has sunk chiefly from the burden of the delta, the sinking 
should be at a maximum near the delta.and at a minimum elsewhere. 
Estuaries are very common along coasts where the deposition of deltas 
could not have caused sinking. The continental shelves off nondelta 
regions show abundant evidence of submergence. All along the shelves 
the topography suggests drowned hills and valleys, submerged cliffs and 
terraces, and drowned spits and barriers. 


THE SHELF MARGIN OFF LARGE RIVERS 


It is generally recognized that the deposition of a thin body of sedi- 
ment, say a few hundred feet thick, will not produce isostatic adjust- 
ment. If the deltas were deposited on preexistent shelves at slight depth, 
their sinking could not have been due to the burden. Therefore we 
are confronted with the question whether the shelves off large rivers 
represent enormously thick deltas, encroaching on the ocean bottom, or 
whether they are eroded parts of the continents that were subsequently 
buried by deltas. In the first case, the edge of the shelves would com- 
monly have the typical lobate front of present deltas. In the other 
case—that is, if the deltas have been developed on preexistent shelves 
that were bordered by an escarpment representing the junction of the 
oceanic and the continental segment—the shelves might not have been 
greatly extended by the deltas. With these considerations in mind, the 
edges of the shelves off twenty-five of the largest rivers of the world 
were examined to see whether they possessed typical delta lobes. Two 
shelves only have such deltaic margins. Slight outbending was found 
in five other shelves, but in at least three of these shelves rock bottom 
or rocky islands around the outer edge indicate that the width of the 
shelf was not determined by delta building. The two shelves having 
distinct lobate margins are those off the Nile and the Niger (figure 5). 
These deltas may represent broad encroachments on the oceanic deeps. 
If so, we might expect to find here the greatest submergence. It hap- 
pens that Barrell used these very shelves to illustrate the weight which 
the crust can withstand without sinking. The submarine evidence of 
submergence is meager. Some small, shallow flats off the mouth of the 
Nile may be submerged deltas. 

tt is also possible that the outbending of the shelf beyond these deltas 
may have been original. Similar protuberances occur in many places 
where deltas are absent. In the case of the Niger, Wegener states that 
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the area which is considered a delta is at least in part an old landmass.‘ 
The continental shelf off the Niger shows little resemblance to the type 
of shelf off most large rivers, but is similar to that on either side of the 
delta. A field study of the delta and of the adjacent shelf is probably 
necessary to explain this peculiar condition. 


ROCK BOTTOM 


If the shelf is an erosional feature, rock bottom might be found in 
many places, even well out from land. If depositional, the shelf prob- 
ably would not have rock bottom except near land. The charts show 
many places with rock bottom, some of them as far out as the edges 
of the platforms. It is, of course, difficult to prove by any method of 
sounding that so-called rock bottom consists of more than isolated frag- 
ments of rock. However, many of the places having rock bottom occur 
on protuberances and in groups, which makes it probable that at least 
in these places ledge rock actually exists. 


RISE IN SEALEVEL 


As each test of the two hypotheses favors a rising sealevel, we can con- 
clude that such rising was the chief cause of the submerged deltas. 
Although isostatic sinking appears not to have been important, it may 
have been a small factor. 


AMOUNT OF CHANGE OF SEALEVEL 


Various complications make it difficult to estimate the amount of 
change of sealevel necessary to cause the deltas. Theoretically, where 
wave erosion is very marked the seaward edge of the top surface of a 
delta might lie considerably below sealevel. Such submerged continua- 
tions are not shown on the charts. The margins of present delta flats 
are rarely submerged more than one or two fathoms. It is therefore 
likely that submerged deltas which are clearly not related to present 
deltas were developed at or near sealevel. On the other hand, compact- 
ing causes slow settling of the delta material. The rate of compacting 
depends on the composition of the material, which is variable. While 
deposition continued without change of sealevel, compacting would be 
offset by deposition ; but if sealevel rose considerably, compacting might 
occur without deposition. Thus, in computing the former sealevel, we 
have to assume that the outer parts of the deltas are somewhat lower 
than the sealevel at the time of their origin. Taking the outer part of 





*A. Wegener: The origin of continents and oceans, p. 59. 














Oe 
$a 












































1166 ¥. P. SHEPARD—INTERPRETATION OF CONTINEN 











—_——_ ee 





AMOUNT OF CHANGE OF SEALEVEL 1167 


the upper surface of submerged deltas and plotting a relative frequency 
curve, we find that a majority are close to 15 fathoms in depth. It 
may be significant that there are a number of submerged (presumably 
wave-cut) terraces and barriers at this depth. Vaughan states that 
there are terraces at from 17 to 20 fathoms in many parts of the West 
Indies.’ Another prominent submerged delta level is around 50 
fathoms. The edge of the shelf is rarely deeper than 50 fathoms off 
large rivers, but it is commonly deeper off other places. This fact sug- 
gests that sealevel stood long enough at 50 fathoms or less to allow 
deltas to cover most of the deeper portions of the continental shelves off 
large rivers. 
TIME oF DELTA FoRMATION 


Many writers have called attention to the probability that sealevel 
changed as a consequence of the growth and the dissipation of the 
Pleistocene ice-sheets. The amount of lowering thus caused has been 
variously estimated. Daly,* Humphreys,’ and others have supposed 
that the change was of the order of 30 or 40 fathoms. Most of the 
flats of the submerged deltas terminate at levels of about 8 to 50 
fathoms. It would appear that these levels are not incompatable with 
those suggested for glacial lowering. The broad flat zones around 15 
fathoms show so little grading into the outer and inner zones that they 
have probably not been long exposed to the effects of erosion. These 
shoaler deltas were probably formed during the last epoch—the late 
Wisconsin epoch—of the Glacial period. The glaciers appear not to 
have been as large at that time, and therefore deltas would have been 
formed nearer the present sealevel. Deeper deltas prdbably represent 
the work of rivers during earlier epochs of glaciation. 


ORIGIN OF PRE-DELTA SHELVES 


Evidence has been given above that the deltas were built out onto pre- 
existent platforms. The general persistence of these platforms around 
the continents suggests that they are not due to local downwarping. 
The question to be decided is whether they were formed by wave erosion 
when the sea was essentially at its present level or when it was at a 
lower level. 

The character of the platforms off great rivers is generally masked 
by the river deposits. As a number of the deeper deltas are somewhat 





5°T. W. Vaughan: Bull. 103, U. S. Nat. Museum (1919), p. 320. 
*R. A. Daly: Acad. Arts and Sci. Pres., vol. 51, p. 170. 
7™W. J. Humphreys: Wash. Acad. Sci. Jour., vol. 5 (1915), pp. 445-446. 
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over 50 fathoms in depth, the platforms must have been cut at a still 
greater depth. The edge of the shelf in nondelta regions is in many 
places deeper than 100 fathoms. Rock bottom is found at such depths 
in many localities. Probably the shelves were equally deep off the 
large rivers before the deltas covered them. The outer part of the con- 
tinental shelves, where not covered with recent sediments, is commonly 
irregular. 

Keeping these characteristics in mind, we can compare the alternative 
hypotheses. If the sea was at its present level before glacial lowering 
allowed the submerged deltas to form, the platforms must be due to 








Figure 7.—Same as Figure 6, after Erosion had proceeded for considerable Time at a 
much lower Sealevel 


wave erosion alone. If the large rivers of today were in existence at 
that time, shelves would probably not have been cut near them. If 
shelves had been cut by waves prior to the development of the large 
rivers, most of them would have been-covered with delta deposits. It 
is generally agreed that most of the large rivers were in existence at 
least in late Tertiary time. Even at the mouths of rivers of more recent 
origin waves could scarcely have cut to the depths found at the border 
of the eroded platform. The surface produced by wave cutting, if we may 
judge from uplifted wave-cut terraces, are relatively smooth and have 
uniform slopes. Therefore, if the sealevel stood about a hundred fathoms 
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lower, either prior to the Glacial period or in its first stages, we can 
explain the present conditions more satisfactorily. Assuming the con- 
ditions shown in the accompanying diagram (figure 6) before the low- 
ering of sealevel, let us consider what would happen as a result of the 
changes. As sealevel was lowered, the rivers would incise themselves 
into the outer slope and the stream system would be rejuvenated. 
Erosion would cut rapidly through the recent unconsolidated deposits. 
Where large streams were lacking, waves also would cut rapidly into any 
unconsolidated deposits. Thus, much of the loose material on the outer 
part of the continents would be removed and the solid rock underneath 
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Ficure 8.—After the Sealevel had risen to its present Stage, drowning the intermediate 
stage Delta 


would be exposed in many places. Where plains of considerable width 
were underlain by deep alluvium, extensive areas would have been re- 
duced close to the new sealevel. Conditions might have developed as 
shown in figure 7. A slight rise in sealevel would make conditions ideal 
for delta building. Further rise to the present level would drown these 
intermediate-stage deltas and produce the present conditions (figure 8). 

Sealevel may have subsided at the end of the Pliocene and then have 
risen intermittently during the Pleistocene. Unless the current esti- 
mates of the size of the Pleistocene glaciers are much too small, the 
cause of this lowering has been independent of the glaciers, although 
it would have been accentuated by glaciation. There are evidences 
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throughout geological history of changes between epochs of widespread 
inland seas on the continents and of extended lands. These changes 
are said to have been more or less contemporaneous on the several con- 
tinents. Foundering or rising of land connections or any other great 
change in the ocean bottom would have produced general changes in the 
sealevel. 


CONCLUSIONS 


If we assume changes of sealevel both prior to glaciation and during 
the glacial and interglacial stages, we can explain the submerged deltas 
and the broad submarine platforms adjacent to the mouths of large rivers. 
Other explanations of the present conditions are open to many objec- 
tions. At present we can say that the deductions here made from the 
continental shelves accord with geological history. With more observa- 
tions of the shelves, especially more soundings, it seems probable that 
we can go further and bring new light on the geological past. 
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INTRODUCTION 


Observations made during five summers and parts of two winters,-or a 
total period of sixteen months, in the Alexander Archipelago and Prince 
William Sound and elsewhere on the coast of Alaska between Ketchikan 
and Nome convinced the writer that certain widespread and general 
glacial phenomena in this region appear not to confirm some current 
views held as to glacial erosion. Although the voluminous reports pub- 
lished in recent years on the glacial geology of Alaska testify to the oc- 
currence 0” some of the phenomena, they overlook others, and they fail 


to embody what seem to be plain implications as to the locus and the 
limitations of glacial erosion. 


FEATURES OF EROSION OF GLACIAL VALLEYS 


Nothwithstanding its magnificent ice-caps and piedmont glaciers, the 
Alaskan coast is distinguished preeminently by its alpine or valley gla- 
ciers, noble rivers of ice, some of which still connect an upper with a 
lower mer de glace. Yo the consideration of this most familiar type 
of glacier the present paper is restricted. One of the most strongly 
controverted questions in glacial geology today relates to the efficiency, 
regarded as agents of erosion, of the alpine or valley glaciers. To de- 





‘Manuscript received by the Secretary of the Society, March 10, 1928. 
? Professor Crosby died on December 31, 1925. 
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scribe a valiey as glaciated is to imply a preexisting valley modified by 
glacial occupation and erosion rather than a valley due wholly to giacial 
agency. Probably few of those believing in the high efficiency of glacial 
erosion would regard the glacier as the sole or original architect of the 
valley which it occupies. Water is competent to originate as well as to 
enlarge and shape its valleys; but the case is different with ice. 

With all streams, whether of water or ice, there is manifest a duel ten- 
dency—to deepen and to widen their channels. The former tendency, it 
is well known, is dominant with rivers before, and the latter tendency 
after their beds have been reduced approximately to grade; but with 
glaciers the tendency to broaden their channels is probably always domi- 
nant, and gradation is a relatively unimportant fe-tor. The erosive 
action of glaciers consists chiefly of abrasion and plucking. 

Abrasion is especially characteristic of ascending (stoss) slopes and in 
general of all bedrock slopes and surfaces, including the valley floor, 
against which the movement of the ice holds it in close and forcible 
contact. Plucking is equally characteristic of steep lee slopes, or in 
general all slopes or scarps from which the ice tends to recede, including 
the downstream faces of transverse ridges and spurs. The effective 
operation of either abrasion or plucking implies thermal conditions 
favorable to the maximum of rigidity and+¢strength of the ice. That 
this must be true become apparent when we reflect that on the rigidity 
of the ice depends its power to hold firmly its graving tools, the incor- 
porated rock fragments, and its power to pull away the blocks of the bed- 
rock into the joints and seams of which its crystalline fingers have pene- 
trated. 

The chief contribution to the topography of the glaciated valley due 
to glacial plucking is the lee crag and its composite, the cirque, while to 
glacial abrasion, chiefly, we owe the roche moutoné forms of the valley 
floor and the lateral scarps of its walls. The lateral scarp, though new 
to geologic literature, seems to merit recognition as a correlative of the 
lee crag, the terminal slopes of truncated spurs finding classification 
here. 

The place of maximum erosion by abrasion must be in the high levels 
of glacial accumulation, where the névé grades downward into solid ice 
and where, owing to the elevation, the minimum temperatures prevail. 
The lateral walls must suffer abrasion as far downstream as the climatic 
factors favor the solid union of ice and rock. In fact, we may well believe 
that we find here the culmination of abrasive glacial action. The well 
glaciated valley floor, having become smoothed and polished, may be 
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assumed to yield but little abrasion debris to the ice, while the craggy 
and often overhanging mountain walls contribute their frost-riven rock 
to the margins of the glacier and its lateral moraines. At lower levels 
basal melting ensues, determined chiefly by the outflow of subterranean 
heat, by conduction and convection by spring waters. The ice relaxes its 
hold on the bedrock, and lubricated by the rise in temperature and the 
consequent reduction of rigidity and by the water of ablation, superficial 
and basal, its velocity is accelerated unless the valley gradient is reduced. 
We thus have the apparent anomaly of decreasing glacial erosion in 
conjunction with increasing velocity of the ice, but in conjunction also, 
be it noted, with decreasing section and volume of ice. 

The place of maximum erosion by plucking is to be found still farther 
upstream, at the base of the head wall of the valley, close to the berg- 
schrund. Here the ice most firmly grips the bedrock, and here also the 
forward movement of the ice makes the largest angle with the face of the 
rock, and the mutual relations of rock contour and structure and of ice 
movement are most favorable to the detachment, or removal by plucking, 
of the blocks of rock. 

From beneath the lower end of every glacier rushes a stream of water 
that has its source mainly in the melting of the ice, but to a large extent 
also in the flow of springs, for we need not suppose that, even beneath 
the most extensive glaciers, the normal circulation of the ground water 
is at a standstill. Of particular interest here is the well-known fact 
that springs are by no means wanting in the frigid zones, even where the 
ground is perpetually frozen to the depth of hundreds of feet. The 
subglacial river, with its high velocities, at least locally, and armed as it 
is with an abundant supply of ebrasive material, can not fail to supple- 
ment most efficiently the erosive action of the glacier. The erosive power 
of the glacial river increases downstream from the point where basal 
melting first becomes copious, while that of the glacier, as we have seen, 
increases upstream. In view of the high average gradient and generally 
ungraded character of the alpine or glaciated valley, we can not doubt 
that the erosive activity of the glacial river, before and after escaping 
from the ice, tends to deepen more than to broaden its valley, supple- 
menting the abrasive action of the basal part of the glacier. 


PHASEs OF EROSION BY ALPINE GLACIERS 


The phases of erosive activity of the normal alpine or valley glacier 
may, then, be summarized as follows: 
1. Plucking or quarrying by the ice is limited mainly to the basal part 
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of the head walls, out of which the main cirque is carved, and to the 
downstream faces of the valley spurs, the principal loci of lee crags; or, 
in general, to highly inclined rock slopes and escarpments away from 
which the ice is moving. 

2. Abrasion or erosion due to the rasping action of stones set in the 
ice must be confined mainly to the floor and the lower lateral walls of the 
valley, especially to stoss slopes, or in general to rock surfaces over or 
against which the ice is moving under great pressure. 

3. The glacial river, originating on the summit slopes of the valley 
and steadily gaining volume and power until, on issuing from its rami- 
fied tunnel, it embodies almost the entire drainage of the valley, con- 
tributes its share to the erosion. 

To this summary we may add that, as regards the relative efficiency 
and power of these several erosion factors—glacial plucking, glacial 
abrasion, and fluvial flow—they appear to stand properly in the order in 
which they are here named. A comparison of stoss and lee slopes, 
whether of large or small masses of rock, reveals much more extensive 
departures from the probable original contours for the lee than for the 
stoss slopes; and this test, so favorable to both glacial processes—pluck- 
ing and abrasion—must apparently be accepted as conclusive. Abra- 
sion smooths and polishes, and its efficiency diminishes as its work 
becomes more perfect and the hold of the ice on the rock is relinquished ; 
but plucking operates with unabated vigor as long as the bedrock pre- 
sents a lee face which the ice can grasp and on which it can exert its 
power; and for the head walls and main cirques, the area of rock the 
attitude of which is favorable to the effective grip of the ice must tend 
steadily to increase. In comparison with either of these processes, the 
erosive action of the glacial river must be regarded as highly inefficient, 
although throughout the lower part of the ice-stream the volume of water 
passing a given point far exceeds the volume of ice. The water fails to 
erode because of the limited section of its channel as compared with the 
breadth and depth of the ice-filled ‘valley ; but within its own limits the 
river is able, as a rule, to maintain its trunk channels at least, in spite 
of the tendency of the glacial erosion to obliterate them, thus testifying 
to the relative vertical inefficiency of glacial erosion. Velocity is the 
winning card for the river and rigidity for the glacier. 

The general effect of the varied activities of the valley glacier on the 
form of the valley may next be briefly considered. Plucking evidently 
steepens and broadens the head walls and is thus almost the sole cause of 
cirque formation. It is also dominantly efficient in the truncation and 
alignment of the valley spurs, whereby many of the diagonal and trans- 
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verse reaches or windings of the river are added to the breadth of its 
straightened channel. Plucking, then, helps to widen a valley; but does 
it also deepen it? The answer to this question seems to be that deepen- 
ing by plucking is practically limited to places where the valley. floor 
is broken by transverse escarpments, the removal or recession of which 
by plucking deepens the upper valley, including the cirque, by adding to 
its depth the height of the escarpment removed. Plucking therefore 
tends chiefly to widen valleys and to form cirques. But, by removing 
transverse escarpments, plucking becomes also an efficient agent in 
grading the valley floor. 

Abrasion acts on the floor and the lateral walls of the valley, tending to 
deepen and to widen it, operating in these two activities with about 
equal intensity. The weight of the ice is greatest on the valley floor, 
but the supply of abrasive material is greatest along the valley walls. 
The glacial river exerts its relatively feeble erosive action chiefly in a 
vertical direction; but, in spite of its concentrated activity, its main 
influence in valley formation belongs to preglacial rather than to glacial 
time. 

The foregoing considerations point quite unmistakably to the con- 
clusion that glacial occupation of the mountain valley involves: (1) 
cirque development; (2) truncation and alignment of lateral spurs; (3) 
steepening of lateral slopes and valley widening—that is, the conversion 
of V-shaped to U-shaped valleys; and (4) smoothing and polishing of 
the slopes and of the bedrock floor of the valley. 


MobE OF ORIGIN OF HANGING VALLEYS 

Tarr, voicing the consensus of geologic opinion, cites the foregoing 
features as the normal consequences of valley glaciation and adds, as one 
of the most striking and significant, the formation of the hanging valley, 
which is found where a main valley and its tributary are not accordant 
in grade. This discordance, which is commonly abrupt, may amount to 
hundreds of feet, or even to a thousand feet. Hanging valleys are, no 
doubt, due to many causes, such as faulting, stream erosion (acting 
vertically or horizontally), and shore erosion, but in considering a 
glaciated region we may assume that differential glacial erosion is the 
principal if not the sole cause. The real question is as to whether we 
should in general look to glacial overdeepening or to glacial overwidening 
of the main valley as affording the more acceptable explanation, or to 
the cooperation of these activities. The weight of opinion at the present 
time is clearly in favor of overdeepening. 


LXXVI—BcLi. Geon. Soc. AM., VoL. 39, 1927. 
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As against overwidening, it is urged that if the normal grade of the 
hanging valley be projected into the main valley it will fail to reach 
the deepened floor. But this argument, so far as it is applied to Alaska, 
overlooks the probability of a marked elevation of the Alaskan coast in 
early Pleistocene time and the further probability that much of the dif- 
ferential erosion or supposed deepening may be attributed largely to pre- 
glacial river erosion, not wholly to glacial erosion. Some regard the main 
glacier as a decidedly more efficient agent of erosion than its tributary 
glacier, which is left far behind in the erosional contest, although the 
tributary river, it is said, easily holds its own and joins the main stream 
at or near grade. Especially perplexing is the condition where sey- 
eral valleys tributary, perhaps, to one and the same main valley are 
hung at different elevations above it. If we assume that these tributaries 
joined the main valley at grade in preglacial time, we can not easily 
account for the discordance of elevation by deepening alone. It is, how- 
ever, readily explained by widening, especially if we may assume that 
the hanging tributaries had different preglacial gradients. 


ForMs AND RELATIONS OF ALASKAN GLACIERS 


The forms and the topographic relations of the glaciers in the valleys 
along the coast of Alaska may help us to determine whether their domi- 
nant erosive action produces deepening or widening. The series of 
magnificent photographic and cartographic representations of glaciers 
in Alaska, for which we are indebted chiefly to Gilbert,® to Tarr and 
Martin,* and to Grant and Higgins,® may be of great service in this 
inquiry. 

The water-carved valleys that trench the seaward slopes of these steep 
and Idfty mountains should be deep and narrow, especially in view of 
the small size of their watersheds, for we have here a multitude of small © 
streams and, in spite of the heavy precipitation, comparatively few 
rivers. But the glaciers that occupy these valleys are surprisingly broad. 
The breadth of most of them must be expressed in thousands of feet 
and that of some in miles; their breadth far exceeds the normal breadth 
of the channel or of the valley floor formed by the preglacial water- 
course. If the supreme work of the valley glacier is to deepen the pre- 


3G. K. Gilbert : Glaciers and glaciation. Harriman Alaska series, vol. 3, Smithsonian 
Institution, 1910. 
+R. S. Tarr, Lawrence Martin: Alaskan glacial studies. Nat. Geog. Soc., Washing- 


ton, 1914. 

‘U. S. Grant, F. D. Higgins: Glaciers of Prince William Sound and the southern 
part of the Kenai Peninsula, Alaska. Am. Geog. Soc. Bull., vol. 42, 1910, pp. 721-738; 
vol. 43, 1911, pp. 321-338, 401-417, 721-737. 
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glacial valley, we should not find the ice resting lightly and evenly on 
a floor so much broader than the floor of the antecedent river. 

Disregarding the bulb or incipient piedmont glacier below and the 
névé field or mer de glace above, and focusing our attention on the 
true alpine or valley glacier, we may distinguish the major or primary 
from the minor or secondary valleys and glaciers. The primary valleys 
of Alexander Archipelago, Prince William Sound, and Kenai Penin- 
sula conform mainly with the geologic structure and, with few excep- 
tions, are partly occupied, by the sea—true fiords. Their glaciers reach- 
salt water, the principal exceptions being those that are tributary to 
piedmont glaciers. Those that rise from the sea and are occupied by 
living glaciers are still valleys of relatively low gradient. The secondary 
valleys, most of which are normal to the primary valleys, have higher 
gradients and greater elevations, and comparatively few of the glaciers 
in them reach the sea. 

No matter how strongly the major and minor valleys may be con- 
trasted in other respects, all the glaciated valleys are broad and flat- 
bottomed, and their breath and the form of their bottoms are generally 
attributed to the action of the ice-streams by which they are fashioned. 
That most of the glaciers are flat-bottomed and of moderate and nearly 
uniform depth or thickness is shown by soundings, by their prevalent 
square terminations, and by direct observation of those that terminate 
on land. The thickness of many of the existing alpine glaciers of the 
coast of Alaska is probably to be measured in scores or hundreds of feet. 
and many of the ice-streams of the secondary valleys, which have high 
gradients and are but slightly incised, appear to be hung on the walls of 
the fiords. 


SIZE AND GRADIENTS OF ALASKAN GLACIERS 


The larger glaciers of the Alexander Archipelago north of Icy Strait 
range in normal width from half a mile for the Davidson Glacier to 6 
miles for the Brady Glacier. The average width of the eight principal 
glaciers tributary to Glacier Bay, Lynn Canal, and Taylor Bay is fully 
2 miles. The glaciers are not only wide, but they are flat-bottomed and, 
for rivers of ice, are relatively and uniformly shallow. The shallowness 
of the Davidson and Brady glaciers, which terminate on land, is espe- 
cially obvious. Gilbert’s view (figure 8)° of a remnant glacier shows a 
broad, shallow valley which plainly indicates widening but not deepen- 





*°G. K. Gilbert: Glaciers and glaciation. Harriman Alaska Series, Smithsonian In- 
stitution, vol. 3, 1910, p. 20. 
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ing. Teid Glacier (figure 12)? is a good example of a hanging valley 
type, and the abandoned till-strewn bed of Hugh Miller Glacier (figure 
18)* shows lateral or edgewise erosion, but no glacial deepening. Still 
more impressive is the panoramic view of the glacier (plate III).® 
Breadth and shallowness are the striking features of this landscape. 

The glaciers of the Lituya Bay region and of the lower Alsek River 
average 2 to 5 miles in width and descend 2,000 to 5,000 feet in dis- 
tances not many times greater than their width. 

For the Yakutat Bay region we have more definite data and accurate 
figures can be given, namely. 

Hidden Glacier, 1 to 1% miles wide; drops 2,000 feet in 4 miles. 

Nunatak Glacier, % to 2 miles wide; drops 2,000 feet in 3% miles. 

Hubbard Glacier, 1% to 3 miles wide; drops 1,000 feet in 3 miles and the 
branch of this glacier drops 1,500 feet in 244 miles. 

Turner Glacier, 1 mile wide; drops 5,000 feet in 4 miles. 

Galiano Glacier, 4 to % mile wide; drops 5,000 feet in 4 miles. 

Attrevida Glacier, % to 1% miles wide; drops 2,500 feet in 6 miles. 

Lucia Glacier, 2 miles wide; drops 2,500 feet in 8 miles. 


The great ice-cap in the Mount Saint Elias region descends so nearly 
to the level of the Malaspina Glacier, a typical piedmont glacier, that 
the individuality of the stupendous and almost unexplored alpine glaciers 
is largely lost. Named in their order from west to east, these mightiest 
examples of their type in Alaska include the Guyot, Tyndall, Libbey, 
Agassiz, Seward, Marvine, and Hayden glaciers. These glaciers prob- 
ably range in width from 3 to 7 miles. 

The glaciers tributary to the lower reaches of Copper River, exclusive 
of their bulb terminations, include the following: 


Childs Glacier, 14 miles wide; drops 1,500 feet in 3 miles. 
Miles Glacier, 2% to 3 miles wide; drops 2,000 feet in 10 miles. 
Allen Glacier, 1% to 2 miles wide; drops 3,000 feet in 8 miles. 
Schwan Glacier, 2 miles wide; drops 5,000 feet in 10 miles. 
Woodworth Glacier, 2 miles wide; drops 4,000 feet in 8 miles. 


In the Prince William Sound and Kenai Peninsula district there are 
exceptionally fine primary and secondary glaciers and the normal rela- 
tions of the two series are admirably illustrated. The primary glaciers, 
named from east to west, include the following: 





7Idem, p. 22. 

8G. K. Gilbert: Glaciers and glaciation. Harriman Alaska Series, Smithsonian In- 
stitution, 1910, vol. 3, p. 35. 

* Idem, p. 36. 
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Valdez Glacier, 1 to 114 miles wide; drops 2,000 feet in 624 miles and 4,000 
feet in 12 miles. 

Shoup Glacier, 1 to 2% miles wide; drops 3,250 feet in 10 miles. 

Columbia Glacier, 3 to 5 miles wide; drops 1,500 feet in 7% miles. 

Meares Glacier, % to 1 mile wide; gradient data lacking; high. 

Harvard Glacier, 14% miles wide at end; drops 3,600 feet in 4% miles. 

Yale Glacier, 14% miles wide at end; drops 2,500 feet in 414 miles. 

Barry Glacier, 14 miles wide; drops 3,000 to 5,000 feet in 2 to 4 miles. 

Harriman Glacier, 1 mile wide; gradient data lacking. 

Tebenkof Glacier, 1 to 2 miles wide; gradient data lacking; low. 

Puget Glacier, 4 to % mile wide; photograph shows high gradient. 

Excelsior Glacier, 1544 miles wide; gradient data lacking; high. 

Elisworth Glacier, 1 to 14% miles wide; gradient data lacking; low. 

Bear Glacier, 34% to 4 miles wide; gradient data lacking. 

Aialik Glacier, 14% to 1% miles wide; drops 2,000 feet in 3% miles. 

Pederson Glacier, % to 1% miles wide; drops 2,000 feet in 3% miles. 

Northwestern Glacier, 2 to 3 miles wide; gradient data lacking. 

McCarty Glacier, 2% to 3 miles wide; drops 1,000 feet in 3% miles. 

Yalik Glacier, 14% to 2 miles wide; drops 500 feet in 2 miles. 

Petrof Glacier, 1 to 1% miles wide; definite gradient data lacking. 


These lists of the major alpine glaciers of the Alaskan coast are not 
complete, but they suffice to show that these glaciers are normally broad, 
few of them being less than a mile wide, and that they average 2 miles 
or more in width. These ample widths hold for their lower as well 
as for their upper surfaces, their steep sides suggesting erosion by lat- 
eral plucking. Notwithstanding the great widths of these valley floors, 
their longitudinal gradients are high, averaging for the twenty examples 
for which we have the most reliable data 550 feet per mile. An average 
gradient of more than 10 per cent is surely inconsistent with water- 
formed valleys averaging more than 2 miles in bottom breadth; and as 
glacial deepening, by plucking at least, must tend to reduce the 
gradient as far upstream as it is effective, we can only conclude that 
glacial erosion is chiefly effective horizontally rather than vertically, 
tending to valley-widening more than to valley-deepening and possibly 
as much as to valley-lengthening, even if we include in the length the 
head wall of the terminal cirque. The valley glacier, if it is to do much 
erosive work by plucking, must have an escarpment to gnaw at or its 
output will be limited mainly to impalpable rock flour, the significant 
constituent of glacial milk. Another feature that leads to the same gen- 
eral conclusion is the structure of the valley floor, which is prevailingly 
unfavorable to erosion by plucking, since massive granitic rocks largely 
predominate in the mountain valleys or glacial cradles and the domi- 
nant structural features are rather widely spaced vertical joints. The 
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ice has little or no lifting power and, lacking this, is impotent to dis- 
lodge the giant blocks of the close-fitting pavement over which it glides. 

The argument is materially strengthened when we take account of 
the minor secondary glaciers, and nowhere do we find a more ideally 
normal series of these than in the western part of Prince William Sound, 
including Port Wells and its branches, the College Fiords and Harrison 
Fiord. The walls of the Harvard-Yale College (University) Fiord 
are adorned, like a picture gallery, by a fine series of secondary glaciers, 
the so-called College glaciers. These range in width from about a third 
of a mile to a mile, and they drop 3,000 to 5,000 feet in the last two 
miles or thereabout at gradients generally from 30 to 45 degrees. 

Several writers, including Gilbert, have emphasized the shallowness 
of these secondary valleys and their inclosed g*aciers, especially in their 
lower courses, where the upper surfaces of the giaciers are barely flush 
with the main walls of the fiords. The high gradients of these lateral 
valleys are rather favorable to backward cutting and deepening by pluck- 
ing, and we may thus readily explain the fact, noted by others, that the 
lateral valleys tend to become deeper upward, or at places where they 
have been longer exposed to valley-forming agencies, fluvial and glacial. 
Marked shallowness is not confined to the troughs of the secondary 
glaciers, however, as is proved by ‘the long, low reef of rock exposed near 
the middle of the terminus of Yale Glacier. The bedrock floor of Shoup 
Glacier is exposed across a good part of its breadth, and similar evidence 
of shallowness may be seen at the front of Columbia Glacier, Barry Gla- 
cier, and many others, as well as at numerous places where a broad and 
shallow glacier front of conspicuously even height and flat foot rests 
visily on a level bar or delta of gravel and sand, the product chiefly of 
the glacial river. 

Although the evidence of glacial overwidening afforded by existing 
valley glaciers is abundant and convincing, similar evidence afforded by 
the glaciers that have vanished is still more so. One difficulty with 
existing glaciers is that erosively active glaciers and parts of glaciers are 
rarely exposed to observation. At its lower end and in its lower reaches, 
where it is most readily accessible, a glacier rests lightly on its bed 
and even flows over loose stones without greatly disturbing them; strong 
glacial erosion is confined chiefly to altitudes at which the ice is heavily 
blanketed by névé. But after the recession and disappearance of the 
glacier its true length, breadth, and thickness are revealed, as well as the 
locus and extent of the erosion it accomplished during its short exist- 
ence. The evidence here is relatively abundant, for the existing glaciers 
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are few in comparison with those that have vanished and, furthermore, 
they are only remnants of their former selves. Unfortunately, the van- 
ished glaciers are not so clearly depicted cartographically as those that 
are still gnawing into the land, and their true representation must await 
detailed and accurate topographic mapping. The most nearly exceptional 
cases are those where the glaciated valleys are submerged and pass the 
latter part of their lives as fiords. The water contour, then, supple- 
mented by soundings, reveals the normal features of a glaciated valley. 
The chief of these features are (1) straight and parallel sides or lateral 
walls, due to the truncation of lateral spurs; (2) broad and flat gla- 
ciated floors that slope with the general lay of the land or with the 
gradient of the square-headed mountain valley; (3) steep and craggy, 
unglaciated head or cirque walls. 

The maps and charts of the Alaskan coast reveal many distinct ex- 
amples of glaciated valleys which show these features, and the number 
will be increased by more detailed and accurate mapping. 


CONCLUSIONS 


The foregoing facts prove that glaciers have a much greater tendency 
to widen than to deepen their valleys, and that downward erosion of 
glaciers, except in special cases, is much less effective than lateral ero- 
sion. Glaciers broaden and enlarge existing valleys, but do not initiate 
valleys and are not usually effective in deepening valleys. 
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